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ABSTRACT 
 
Chagas disease is caused by the parasite Trypanosoma cruzi and transmitted by 
multiple triatomine vectors across the Americas. In Central America, the predominant 
vector is Triatoma dimidiata, a highly adaptable and genetically diverse Hemiptera. In 
this research, we used a novel reduced-representation DNA sequencing approach to 
discover community dynamics among multiple biotic factors associated with Chagas 
disease in Central America, and assess the infestation patterns of T. dimidiata after 
seasonal and chemical disturbances in Jutiapa, Guatemala. For our first study, we used a 
hierarchical sampling design to obtain multi-species DNA data found in the abdomens of 
32 T. dimidiata specimens from Central America. We aimed to understand (1) the 
prevalence of T. cruzi infection, (2) the population genetics of the vector and parasite, (3) 
the blood meal history of the vector, and (4) gut microbial diversity. Our results indicated 
the presence of nine infected vectors harboring two distinct DTUs: TcI and possibly 
TcIV. We found significant clusters among T. dimidiata populations in countrywide and 
within-country levels associated with sylvatic ecotopes and diverse domestic genotypes. 
There was significantly higher bacteria species richness in infected T. dimidiata 
abdomens than those that were not infected, with further analysis suggesting that gut 
bacteria diversity relates to both T. cruzi infection and the local environment. We 
identified vertebrate blood meals from five T. dimidiata abdomens including chicken, 
dog, duck and human; however, additional detection methods are necessary to 
confidently identify blood meal sources. In our second study, we analyzed the GBS 
genotypes of 440 T. dimidiata specimens collected in two towns of Jutiapa, Guatemala. 
Our aim was to assess (1) the domestic population patterns that aid the recovery of T. 
dimidiata after an insecticide treatment in El Carrizal and (2) the seasonal changes that 
regulate the dispersal of the vector in the untreated communities of El Chaperno. Results 
showed that the insecticide application was effective at reducing the population 
abundance immediately after the application in El Carrizal; nevertheless, 18-month post-
treatment the town-wide infestation and genetic diversity were recovering. Within-house 
relatedness among specimens recovered 18 months post-treatment, suggesting that the 
insecticide treatment failed to fully eliminate domiciliated colonies. In contrast, lack of 
change in abundance or genetic diversity in El Chaperno implied absence of dispersers 
from sources beyond the town periphery, while evidence of a decrease of relatedness 
among individuals implied dispersal among houses. After the insecticide treatment in El 
Carrizal, population reduction led to lack of genetic spatial autocorrelation; nevertheless, 
rapid dispersal into neighboring houses lead to autocorrelation 18 months after the 
insecticide treatment. This pattern was also observed in El Chaperno, where an increase 
in spatial autocorrelation during seasonal dispersal suggests spillover to close-by 
households. The creation of a novel genomics pipeline allowed us to understand 
community and dispersal patterns of T. dimidiata and other biotic factors important for 
the prevalence and transmission of Chagas disease at local and regional levels. Future 
studies should include complementary approaches for taxa verification (e.g. bacteria 16S 
barcoding, PCR-base detection), as well as expand the scope of local population analyses 
to peridomestic and sylvatic genotypes that could suggest a broader range of vector 
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CHAPTER 1. INTRODUCTION 
1.1. Epidemiology of Chagas Disease  
Chagas disease is endemic to the Americas and widely distributed from southern 
USA to northern Argentina, with variable prevalence from 0.03% to 6.1% across the 
continent (Fig 1.1) (Benzinger et al. 2015, Sosa-Estani and Segura 2015, WHO 2010) . It 
is caused by the protozoan parasite Trypanosoma cruzi (Kinetoplastida, 
Trypanosomatida), and transmitted by triatomine species across the region (Dorn et al. 
2007, Gourbière et al. 2012, Waleckx et al. 2015, WHO 2010). It is considered a zoonotic 
disease, prevalent in a wide array of mammalian hosts, mainly in populations of sylvatic 
(i.e. wild) species (Zeledón 1970). Within the human population, an estimated 5.7 million 
individuals are infected with the parasite, and 70 million at risk of transmission (WHO 
2010). The disease is most prominent in poor, rural communities from South and Central 
America where the disruption of sylvatic ecosystems and precarious socioeconomic 
conditions aid the establishment of domestic and peridomestic vector populations (Sosa-
Estani and Segura 2015, WHO 2002). Approximately 30% of the infected human 
population eventually develops chronic Chagas, presenting symptoms associated with 
enlarged smooth muscles (e.g. heart and colon) 10 to 30 years after infection (Rassi et al. 
2010 and WHO 2010). Most efforts to control the disease target the elimination of 
triatomine vectors from infested houses via use of insecticide application and/or house 
improvements such as floor and wall plastering (Cecere et al. 2013, Monroy et al. 2009, 






For the parasite to survive it needs to sexually reproduce within the insect vector 
and asexually reproduce in a mammalian host (Fig 1.2) (CDC 2013). When the insect 
intakes an infected blood meal from the host, the parasite first reproduces in the midgut 
and eventually moves to the hindgut where it is excreted in the feces during a subsequent 
blood meal (Tyler and Engman 2001). The parasite most commonly infects a 
mammalian’s bloodstream via contact between parasite-contaminated feces and a wound 
or mucous membrane (e.g. eye cornea), or by direct ingestion of an infected insect 
(Hamilton et al. 2012, Tyler and Engman 2001).  
Among the multiple species of triatomine know to vector the parasite, Triatoma 
infestans, Rhodnius prolixus, Panstrongylus megistus, Triatoma brasiliensis, and 
Triatoma dimidiata are the only known species to vector the disease to humans (Justi et 
al. 2016, WHO 2002). In Central America, the main vector of Chagas disease is Triatoma 
dimidiata (Hemiptera, Reduviidae), a highly adaptable native species that can be found in 
domestic, peridomestic and sylvatic ecotopes (Bargues et al. 2008, Dorn et al. 2003, Dorn 
et al. 2007, Gourbière et al. 2012, Stevens et al. 2015, Waleckx et al. 2015, Zeledón and 
Rabinovich 1981). In domestic habitats, humans and dogs have traditionally been 
considered the primary blood meal of the vector (Bustamante et al. 2014, Cercere et al. 
2013, Coura et al. 2014). In peridomestic and sylvatic environments, bats, rodents, 
opossums and birds serve as the most common hosts, although the parasite is incapable of 
completing its life cycle in the latter (Buitrago et al. 2016, Bustamante et al. 2014, De 






1.2. Genetic diversity of T. cruzi and T. dimidiata 
Trypanosoma cruzi is phylogenetically diverse and complex, with multiple strains 
co-occurring across the Americas (Brenière et al. 2016, Hamilton et al. 2012, Miles et al. 
2009, Zeledón and Rabinovich 1981). There are multiple lineages of the parasite; 
however, the most relevant for human epidemiology is T. cruzi sensu lato (s.l.).  It 
comprises the strains T. cruzi cruzi, which causes Chagas disease in humans, and T. cruzi 
marinkellei, a strain uniquely found in South American bats (Baker et al. 1978, Brisse et 
al. 2000, Hamilton et al. 2012). Within T. c. cruzi, seven discrete typing units (DTUs) 
have been characterized: TcI-VI and TcBat) (Fig 1.3) (Brenière et al. 2016, Brisse et al. 
2000, Zinigales et al. 2009, Zinigales et al. 2012). All DTUs can cause disease in 
humans; however, most are present in ecological and geographical niches where 
interaction with humans is minimal (Zinigales et al. 2009). TcI is the predominant 
human-infective DTU in the Americas with a prevalence range from southern United 
States to Argentina, transmitted by both the Rhodnius and Triatoma vector genera 
(Hamilton et al. 2012, Zinigales et al. 2012). The only other DTU that has been 
documented in Central America is TcIV, an ancestral hybrid of TcI and TcII DTUs (Fig 
1.3). Although, to date, TcIV has been detected in 84 human serological samples from the 
region (Brenière et al. 2016, Sturm et al. 2003, Zingales et al. 2012), current evidence 
shows that the origin and modern association of TcIV is mostly with sylvatic vectors and 
mammalian hosts (Brenière et al. 2016). 






role in widespread prevalence of Chagas disease. To date more than 140 species of 
triatomine vectors have been described (Coura et al. 2014, Dorn et al. 2016, Justi et al. 
2016) and, although the majority is associated with sylvatic habitats, species such as T. 
dimidiata have phenotypically adapted to domestic and peridomestic ecological niches 
over the past centuries (Coura et al. 2014, Lucero et al. 2014, De Urioste-Stone et al. 
2015, Hashimoto and Schofield, 2012, Stevens and Dorn, 2016, Zeledón and Rabinovich, 
1981, Waleckx et al. 2015). Triatoma dimidiata is widely distributed from Mexico to 
Peru (Dorn et al. 2007, Dumonteil et al. 2002, Monroy et al. 2003) and is highly adapted 
to human households where it can establish multi-generational colonies (Waleckx et al. 
2015). Although various population genetics studies have yielded conflicting assessments 
of the extent and importance of genetic structure of T. dimidiata across its geographical 
distribution, most studies agree that it is a highly diverse and panmictic species, with 
constant gene flow among populations (Fig 1.4) (Bargues 2008, Dorn et al. 2003, Dorn et 
al. 2007, Dumonteil et al. 2002, Gómez-Palacio et al. 2015, Stevens et al. 2015). 
1.3. Life history and population ecology of T. dimidiata 
Triatoma dimidiata is hemimetabolous with five nymph stages, taking an average 
of 11 months to fully develop as an adult. Once it reaches a reproductive age, it lives 
between one and three years (Fig 1.5) (Zeledón et al.1970). All T. dimidiata life stages 
feed from blood sources, taking a minimum of one blood meal per stage depending on 
their size and reproductive demand (Zeledón, et al.1970). In domestic ecotopes, they 






(Monroy et al. 1998, Zeledón et al. 1970). It has a longer feeding time than other species, 
taking upwards of 30 minutes to complete a meal compared to 12 minutes by R. prolixus, 
which often leads to defecation on the host while in the process of feeding (Zeledón et al. 
1970). Although it is capable of starvation under stress, the lack of a blood meal can 
hinder the ability of nymphs to molt and females to lay eggs (Zeledón, et al.1970). In 
laboratory conditions, females with constant access to blood meals can lay up to ~1,300 
eggs over their lifetime, producing a clutch of approximately 31 eggs per day (Zeledón et 
al. 1970). Both males and females mate an average of 13 times in their life span, 
frequently after a blood meal, with a partner in the proximity to avoid environmental 
exposure (Martinez-Ibarra et al. 2001, Payet et al. 2009, Vargas and Zeledón 1985, 
Zeledón et al. 1970). 
Unlike other Chagas vectors, T. dimidiata is most commonly found at low 
population densities in domestic environments, going through a seasonal depletion during 
raining season and an increase population size during the dry season (Fig 1.6) (Payet et 
al. 2009, Barbu et al. 2009 and Gourbière et al. 2008, Monroy, et at. 2003). The 
population size varies according to a typical source-sink dynamic system in which houses 
are considered colonization sinks where insects disperse non-directionally, seeking food 
and mates scarce in previous habitats (Barbu et al. 2009, Dumonteil, et al. 2004, 
Sokurenko et al. 2006). A study in the Yucatan Peninsula showed that houses can be 
temporarily infested with up to a hundred insects during seasons of low-natural food 






5 to 10 insects per household (Fig 1.6) (Dumonteil et al. 2007). Dispersal of T. dimidiata 
into houses is hypothesized to happen among short distances since T. dimidiata is a poor 
flyer, and most of its movement is terrestrial or by passive transportation on a host 
(Dumonteil, et al. 2004 and Monroy, et al. 2003). Like the rest of the triatomine species, 
T. dimidiata is thought to predominantly remain in sylvatic ecosystems, feeding from a 
wide variety of vertebrates ranging from mammals to amphibians (Monroy et al. 2003, 
Zeledón and Rabinovich 1981). If poor housing infrastructure and domestic animals 
provide food and refuge in domestic habitats, specimens can likely establish and 
reproduce; however, data from the Yucatan Peninsula suggest that 80% of the individuals 
found in houses are most likely disperser coming from a sylvatic source (Bustamante et 
al. 2009, Dumonteil et al. 2007, Gourbière et al. 2008, Monroy et al. 2009, Payet et al. 
2009). 
1.4. Pesticide use to control domestic triatomines 
Chagas disease transmission is mainly controlled by spraying pyrethroid 
insecticides inside houses and nearby out buildings (Barbu et al. 2009, Cecere et al. 2013, 
Dumonteil et al. 2004, Hashimoto et al. 2006, Lucero et al. 2013, Ramsey et al. 2003, 
Tabaru et al. 1998, Yoshioka, et al. 2015).  Most national health institutions prefer the 
sole use of chemical control due to readiness of the application methods, prompt 
remediation, and low residual effect (Barbu et al. 2011, Dumonteil et al. 2004, WHO 
2015). Nevertheless, the strongest objection to use chemical applications as a stand-alone 






months to 1 year post-application (Barbu et al. 2014, Bustamante et al. 2009, Taburu et 
al. 1998). 
In the past, a synchronized region-wide effort to eradicate the invasive vector, R. 
prolixus from Central America, mainly relying on pyrethroid insecticides application, 
successfully eliminated the insect from four targeted countries (Hashimoto and Schofield 
2012, WHO 1997). Nevertheless, it is unlikely that such effectiveness could be replicated 
with native triatomines since R. prolixus was exceptionally targetable given its high 
aggressive feeding behavior (e.g. feeding during the day, high-density colonization, and 
feeding multiple times in each life stage), low genetic diversity, and limited dispersal 
within the boundaries of domestic and peridomestic ecotopes (Dujardin et al. 1998, 
Hashimoto and Schofield 2012, Zeledón 2004).  
Populations of T. dimidiata are difficult to control with the use of pyrethroid 
insecticides because of its adaptability to multiple niches, wide-range distribution, and 
shy feeding behavior (Acevedo et al. 2000, Dumonteil et al. 2004, Barbu 2011). Previous 
studies have shown that the average time for a town to get re-infested after insecticide 
spray is around 3 to 6 months (Dumonteil et al. 2004, Monroy et al. 2011). Furthermore, 
re-infestation of houses by seasonal migration contributes to cyclical patterns of 
infestation that are unlikely to be disrupted by insecticide applications with a low residual 
effect (Barbu et al 2014, Barbu et al. 2011, Dorn et al. 2003, Gourbière 2012, Monroy et 






et al. (2004) and in Petén, Guatemala by Monroy et al. (2003), recorded a rapid re-
colonization of adults into peridomestic ecotopes, mostly during the dry season, by adult 
dispersers (Fig 1.6). Ramirez-Sierra et al. (2010) indicated that successful establishment 
of populations is driven by dispersal events that tend to occur in a gradient based on 
proximity to sylvatic sources (Fig 1.7). The sources of re-infestation are, however, not 
exclusively from sylvatic ecotopes. Migration has also been documented among houses 
within the perimeters of human communities, for instance, Barbu et al. (2014) showed 
that in Peru re-infestation into houses treated with pyrethroid insecticides was 
significantly higher in communities where one or more infected houses had been left 
untreated during the insecticide campaign. 
1.5. Dynamics of bacteria communities in the gut of triatomines  
Recent literature has described shifts in bacterial diversity across triatomine 
species, geographic location, and parasitic infection status (Da Mota et al. 2012, Gumiel 
et al. 2015). Although the composition and physiological role of gut bacteria in 
triatomines are largely unknown, bacterial communities can significantly modify glucose 
levels in anaerobic environments such as the gut, facilitate or impede colonization of the 
insect’s digestive tract by pathogens such as T. cruzi (Cohen et al. 1979, da Mota et al. 
2012, Dillon and Dillon 2004, Terra, 1990). The reverse could also be true, since T. cruzi 
can decrease the microbial population in the gut and modifying the nitrite/ nitrate 






Some bacterial species have been shown to directly inhibit colonization by T. 
cruzi in Triatoma and Rhodnius sp. either in their native form (da Mota et al. 2012), or as 
introduced transgenics in the gut of triatomines under laboratory conditions (Beard et al. 
2001, Durvasula et al. 1999, Durvasula et al. 2008). For example, in a study conducted by 
Azambuja et al. (2004), there was a significant decrease in the number of surviving T. 
cruzi parasitic strains when Serratia marcescens, a hemolytic bacterium isolated from the 
gut of R. prolixus, was present in the gut of the insect. Furthermore, among the intestinal 
symbionts of the triatomines, emphasis has been given to Rhodococcus rhodnii and 
Corynebacterial symbionts for their possible use to reduce transmission of T. cruzi from 
vector to mammalian host via interruption of the attachment of the parasite to the insect’s 
hindgut necessary for its excretion (Hurwitz et al. 2012). 
1.6. Overview of reduce representation sequencing techniques  
Although massively parallel short-read sequencing technologies (e.g. Illumina) 
have greatly reduced cost of whole-genome sequencing, the short length of the output 
reads creates computational and labor challenges for genome assembly, especially for de 
novo and population-based studies (Young et al. 2010). Given these challenges, an 
alternative to sequencing a whole genome is to reduce the number of fragments targeted 
for sequencing with restriction enzymes (REs). Known as reduced-representation 
sequencing (RRS), these techniques are based on the use of REs to define a genome-wide 







Restriction-Site Association DNA Sequencing (RADseq) (Baird et al. 2008), and 
Genotyping-by-Sequencing (GBS) (Willing et al. 2011) are Illumina-based sequencing 
methods for multiplex genotyping. Both RADseq and GBS facilitate the rapid discovery 
of thousands of single nucleotide polymorphisms (SNPs) for genotyping, even from non-
model organisms (Fig 1.8) (Davey et al. 2011). SNPs are the most abundant type of 
genetic markers, making them ideal for studying the characteristics of genomic regions 
across populations and species. Since the use of REs reduces the genome complexity and 
targeted genome size, RRS allows the use of an increased number of multiplexed samples 
while still obtaining sufficient coverage across the genome (Willig et al. 2011). 
Although genetic studies are typically focused on a single target organism at a 
time, RRS methods can provide an affordable way to simultaneously sequence mixed-
DNA specimens without relying on taxon-specific primers or probes (Baird et al. 2008).  
When combined with a bioinformatics pipeline designed to identify and assign sequences 
back to their taxonomic source, such approaches may be ideal to explore complex, multi-
factorial systems (Ekblom and Galindo 2011, van Dijk et al. 2014). RRS methods also 
typically generate sufficient SNP loci to resolve relationships across multiple spatial and 
temporal scales, allowing a uniform protocol for producing data that can be meaningfully 







Figure 1.1. Estimated number of Chagas disease cases in the Americas (from WHO 







Figure 1.2. The life cycle of Trypanosoma cruzi and transmission of Chagas disease 







Figure 1.3. Trypanosoma cruzi hybridization model (from Zingales et al. 2012). 







Figure 1.4. Geographic distribution of four genetically divergent groups identified 
within Triatoma dimidiata in Mexico and Central America (from Dorn et al. 2006). 
Variation among populations was calculated by calculating the average number of 







Figure 1.5. Life cycle of Triatoma dimidiata (open source). 
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Figure 1.6. Patterns of house infestation by non-domiciliated Triatoma dimidiata 
(from Ramirez-Sierra et al. 2009). Temporal variations in male and 
female T. dimidiata abundance in the four villages. 
 
Figure 1.7. Periodical infestation of T. dimidiata after insecticide treatment (from 
Ramirez-Sierra et al. 2010). Circles indicate the cumulative T. dimidiata collections 
over a 2-year period, with the size proportional to the number of bugs. Shaded gray areas 







Figure 1.8. Methods for high-throughput marker discovery (from Davey, et al. 
2011). (A) An example genomic region containing restriction sites, (B) Protocols for 
developing sequenced markers, and (C) All methods begin with a restriction enzyme 
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2.1. Abstract  
Chagas disease, considered a neglected disease by the World Health Organization, 
is caused by the protozoan parasite Trypanosoma cruzi, and transmitted by >140 
triatomine species across the Americas. In Central America, the main vector is Triatoma 
dimidiata, an opportunistic blood meal feeder inhabiting both domestic and sylvatic 
ecotopes. Given the diversity of interacting biological agents involved in the 
epidemiology of Chagas disease, having simultaneous information on the dynamics of the 
parasite, vector, the gut microbiome of the vector, and the blood meal source would 
facilitate identifying key biotic factors associated with the risk of disease transmission.  
In this study, we developed a RADseq-based analysis pipeline to study mixed-species 
DNA extracted from T. dimidiata abdomens. We used a nested spatial sampling design 
that spans from individual villages to major biogeographic regions of Central America. 
Information from each biotic source was distinguished with bioinformatics tools and used 
to evaluate the prevalence of T. cruzi infection and predominant discrete typing units 
(DTUs) in the region, the population genetic structure of T. dimidiata, gut microbial 
diversity, and the blood meal history. An average of 3.25 million reads per specimen 
were obtained, with approximately 1% assigned to the parasite, 20% to the vector, 11 % 
to bacteria, and 4 % to putative blood meals. Using a total of 6,405 T. cruzi SNPs, we 
detected nine infected vectors harboring two distinct DTUs: TcI and possibly TcIV. 
Vector specimens were sufficiently variable for population genomic analyses, with a total 






countrywide and within-country spatial scale. Discriminant analysis identified significant 
population structure across Central America: Petén, Guatemala and Río Frío, Belize 
belonged to a single sylvatic cluster; a second cluster included Chiquimula, Guatemala; 
and a third cluster included the most genetically diverse specimens of Jutiapa, Guatemala 
and Santa Ana, El Salvador.  We observed significantly higher bacterial species richness 
in infected T. dimidiata abdomens than those that were not infected.  Unifrac analysis 
suggests a common assemblage of bacteria associated with infection, which co-occurs 
with the typical gut microbial community derived from the local environment. We 
identified vertebrate blood meals from five T. dimidiata abdomens, including chicken, 
dog, duck and human; however, additional detection methods would be necessary to 
confidently identify blood meal sources from most specimens. Overall, our study shows 
this method is effective for simultaneously generating genetic data on vectors and their 
associated parasites, along with ecological information on feeding patterns and microbial 
interactions that may be followed up with complementary approaches such as PCR-based 







2.2. Author Summary 
Chagas disease is caused by the parasite Trypanosoma cruzi, which is spread by 
triatomine kissing bugs. There are many biotic factors that influence the risk of disease 
transmission, including the strain of the parasite, the movement patterns of the vector, the 
community of microbes interacting with the parasite inside the vector's gut, and the 
availability of suitable vertebrate hosts.  DNA from these species can be found in the gut 
of an infected bug, providing an opportunity to investigate them all simultaneously by 
genetically analyzing this single tissue.  In this study, we developed a DNA-based 
method to retrieve, separate, and analyze genetic information from the biotic components 
found within the abdomens of 32 T. dimidiata kissing bug vectors collected across 
Central America. We found two distinct strains of T. cruzi, and four T. dimidiata genetic 
clusters associated with environmental and geographical characteristics. These 
populations harbored different bacterial gut communities, which were augmented by 
specifically infection-associated bacteria when the vector was infected by the parasite.  In 
some cases, we could identify what the insect had recently fed on, including chicken, 
duck, dog and human.  Having simultaneous information on these organisms may help to 







Chagas disease (American trypanosomiasis) is caused by the protozoan parasite 
Trypanosoma cruzi. Considered a neglected disease by the World Health Organization, it 
is widespread in the Americas, where an estimated 70 million people are at risk of 
contracting the infection [1]. The disease is most prominent in poor, rural communities of 
South and Central America, where the disruption of sylvatic ecosystems and precarious 
socioeconomic conditions aid the establishment of domestic and peridomestic vector 
populations [1,2, 3].   
The infective agent, Trypanosoma cruzi, is genetically diverse and widely 
dispersed in the Americas [4, 5, 6, 7]. Multiple strains are distributed from the southern 
United States to northern Argentina, and are ancestrally linked to sylvatic and/or 
domestic transmission cycles depending on their habitat affiliation [4, 8, 9].  From an 
epidemiological standpoint, T. cruzi sensu lato (s.l.) is the most important group of 
strains of parasitic trypanosomes, comprising T. cruzi cruzi, which causes Chagas disease 
in humans, and T. cruzi marinkellei, a strain uniquely found in South American bats [5, 
10, 11]. Within T. c. cruzi, seven discrete typing units (DTUs) have been characterized 
(TcI-VI and TcBat) [4, 11, 12, 13]. All DTUs can cause disease in humans; however, 
their relative abundance varies among ecological and geographical niches, and they show 
variation in clinical epidemiology and prevalence in domestic ecotopes [12]. TcI is the 






America to Ecuador, and in sylvatic and domestic Triatoma from southern United States 
to northern Argentina [4, 5, 13]. It is also reported in other Triatominae genera such as 
Meccus, Mepraia and Panstrongylus, and its genetic diversity are consistent with its long 
evolution in the continent, dating between 3-4 MYA [4, 14]. TcIV, a DTU hypothesized 
as an ancestral hybrid between TcI and TcII, is the only other DTU that has been detected 
in vector and human specimens in Central America [4, 13, 15]. Although there are 84 
reports of humans infected by TcIV from six countries, there is evidence that this DTU is 
of sylvatic origin and exclusively associated with sylvatic vectors [4]. 
In addition to T. cruzi diversity, the genetic structure of the vector, driven by 
geographical and ecological factors, is also likely to play an important role in determining 
human infections. To date, more than 140 species of New World triatomines have been 
described [16, 17, 18] and a small number of species have been reported from Asia.  The 
majority is associated with sylvatic habitats, but species such as Triatoma infestans and 
Rhodnius prolixus have adapted to domestic and peridomestic niches [7, 16, 19, 20, 21, 
22, 23]. Furthermore, species like T. dimidiata are in the process of domiciliation, 
establishing multi-generational colonies in human households, therefore increasing the 
risk of Chagas disease transmission to humans [23]. In Central America, after near 
eradication of the formerly predominant R. prolixus in 2010 [21], an ecological 
succession of other endemic vectors, primarily T. dimidiata, has slowly changed the 
dynamics of disease transmission in domestic and peridomestic ecotopes [24, 25, 26, 27, 






domestic habitats [26, 29, 30]. It is morphologically highly variable across this range, 
with phenotypic variation among sylvatic and domestic ecotopes, as well as geographical 
niches [23, 30]. Population genetic analyses using various molecular markers have 
yielded conflicting assessments of the extent and importance of genetic structuring across 
its geographical distribution; nevertheless, most studies agree that it is genetically diverse 
[17, 24, 26, 27, 29, 31].  
The microbial community colonizing the vector’s gut may further influence 
parasite transmission to vertebrate hosts. When the parasite is ingested in a blood meal, 
the parasite moves into the midgut, where availability of glucose moderates its 
transformation to replicative epimastigotes [32, 33]. In the midgut, the parasite attaches 
to the cuticle wall prior to differentiating into a metacyclic form [33]. Although the 
composition and physiological role of gut bacteria in triatomines are largely unknown, 
bacterial communities can significantly modify glucose levels in anaerobic environments 
such as the gut, facilitating or impeding colonization of the insect’s digestive tract by 
pathogens such as T. cruzi [34, 35, 36, 37]. Some bacterial species have been shown to 
directly inhibit colonization by T. cruzi in Triatoma and Rhodnius spp. (e.g., S. 
marecescens) [35, 38], either in their native form, or as introduced transgenics in the gut 
of triatomines under laboratory conditions [39, 40, 41].  At the same time, T. cruzi 
infection may can decrease the microbial population in the gut and modifying the 






As a vector-borne disease, domestic and sylvatic transmission cycles are 
dependent on the diversity and availability of vertebrates, both as blood meals for the 
vector and as potential hosts [43].  Trypanosoma cruzi is most commonly transmitted to 
mammalian hosts via contamination of a wound or mucous membrane by the parasite-
contaminated feces of the vector, and/or by direct ingestion of an infected insect [5, 33].  
In domestic ecotopes, humans and dogs are presumed to serve as both the primary blood 
meals of the vector and the main mammalian source of the parasite; however, there are 
numerous peridomestic hosts (e.g. small ruminants, rodents, pigs) that may be important 
contributors to disease recurrence [3, 16, 20, 25, 44, 45].  Accidental introduction of the 
vector into or near houses may happen through movement of human belongings like 
clothes or blankets, movement of chickens carrying early instar nymphs or transportation 
of infested wood or palm leaves [16, 44]. In addition, local wildlife populations in 
peridomestic or sylvatic environments, such as bats, rodents and opossums, may serve as 
parasite reservoirs [20, 25, 46].     
Given the diversity of interacting biotic elements involved in the epidemiology of 
Chagas disease, having simultaneous information on parasites, vectors, gut fauna and 
hosts would facilitate identifying how they interact to influence disease risk. Although 
genetic studies are typically focused on a single target organism at a time, reduced 
representation sequencing methods such as Restriction-site Associated DNA sequencing 
(RADseq) provide an affordable way to simultaneously sequence mixed-DNA specimens 






bioinformatics pipeline designed to identify and assign sequences back to their taxonomic 
source, such approaches may be ideally suited to explore complex, multi-factorial 
systems such as Chagas disease transmission cycles [48, 49]. RADseq also typically 
generates sufficient SNP loci to resolve relationships across multiple spatial and temporal 
scales, allowing a uniform protocol for producing data that can be meaningfully 
compared across studies [50, 51]. Although RADseq has been used to assess the 
population genomics of individual disease vectors (e.g., Anopheles spp., [52]; Aedes 
aegypti, [53]), it has not yet been reported for mixed-species analyses. 
In this study, we develop a RADseq-based analysis pipeline for analyzing mixed-
species DNA derived from T. dimidiata abdominal DNA.  We use a nested spatial 
sampling design for T. dimidiata, ranging from within individual villages to across major 
biogeographic regions in Central America, and investigate the utility of RADseq 
genotyping for simultaneous assessment of: (1) the prevalence of T. cruzi infection in the 
vector and its phylogenetic characterization in the region, (2) the population genetic 
structure of T. dimidiata, (3) the gut microbial community structure associated with T. 
cruzi infection of the vector, and (4) the blood meal history of the vector. We 
demonstrate that the method can effectively separate genomic information of parasite, 







Specimen collection, parasite screening and preservation.  Sixty-one adult T. 
dimidiata were collected by the Laboratorio de Entomoligía Aplicada y Parasitología 
(LENAP) at San Carlos University of Guatemala and by Centro de Investigación y 
Desarrollo en Salud (CENSALUD) at Universidad de El Salvador from 1999 to 2013 
(Table 2.1). Specimens were captured alive in domestic environments, transferred to a 
laboratory setting for microscopic examination for T. cruzi and placed in vials containing 
95% ethanol + 5 % glycerol within two days of capture. The exceptions were the 
specimens from the towns of El Chaperno and El Carrizal, collected in 2012 and 2013 
(Table 2.1), which were examined by microscopy and placed in 95% ethanol (no 
glycerol) within a few hours of collection. To assess infection status, the abdomen of 
each insect was compressed to obtain fecal droplets, which were diluted with 1 drop of 
saline solution and examined by a trained observer under the microscope at 220–400X 
for 5 minutes for active trypanosomes. The specimens placed in ethanol + glycerol were 
stored at room temperature at LENAP until transported to Loyola University New 
Orleans or the University of Vermont in 2012 and 2013, respectively. Once in the United 
States, the insects were stored at -20°C until DNA was extracted for sequencing. 
Specimens from El Chaperno and El Carrizal were stored in ethanol at room temperature 
for less than one week before being transported to University of Vermont, where they 
were maintained at -20°C. Three nested geographical scales of sampling were chosen to 
measure the spatial resolution at which RADseq markers are able to resolve the genetic 






including Guatemala, Belize, El Salvador and Nicaragua; b) within-country regions, 
including four in Guatemala, and one in Belize, El Salvador and Nicaragua respectively; 
and c) within-region villages, including four in each of the neighboring regions of 
Chiquimula, Jutiapa, and Santa Ana (Table 2.1, Fig 2.1).   
DNA extraction and RAD-library preparation. We extracted DNA from the 61 
specimens from the three posterior segments of the abdomen or four surface-sterilized 
legs (Table 2.1); the latter included the attached muscle, and served as “insect-only” 
controls. Tissues were flash-frozen by submerging the vials in liquid nitrogen, manually 
homogenized using sterilized pestles and DNA extracted using a modified Qiagen 
DNeasy (Burlington, Vermont) tissue extraction protocol. Modifications included an 
overnight Proteinase K digestion at 56°C, followed by an RNAse digestion at 37°C for 30 
minutes using 1.5 uL of 4mg/mL RNAse to reduce RNA contamination. DNA was 
quantified using a Qubit spectrophotometer (Burlington, Vermont), and quality was 
assessed by electrophoresis on a 1.5% agarose gel stained with ethidium bromide.  Only 
specimens with a minimum yield of 1,000 ng of DNA and a single, high-molecular 
weight band were considered suitable for sequencing; of the original 61 specimens, 32 
(20 abdomens and 12 legs) met these minimal requirements.  To verify the 
reproducibility of the retrieved genetic markers (SNPs), for one insect specimen we 
included high-quality DNA isolated from two different body parts (abdomen and leg 
tissue, JUCA-02 and JUCA-03; Table 2.1). RADseq library preparation was conducted 






GG ACGTCC — 5′) at Floragenex (Portland, Oregon) following the methods of Baird 
et al. [47].  
Illumina sequencing and bioinformatics pipeline. RAD libraries were barcoded by 
individual, and multiplexed in a 24-plex format on an Illumina GAIIx / HiSeq Analyzer. 
The raw sequencing reads were 100 bp in length, including the inline 5-bp barcode and 8-
baseSbfI recognition sequences. We used FastX-trimmer in the FastX-toolkit to remove 
the barcodes, recognition sites, and FastQ-quality-filter to remove sequences with any 
base having a confidence score below 10 [54].  
The DNA recovered from a T. dimidiata abdomen represents a mixture of DNA 
from the parasite (if present), the insect vector, possibly one or more vertebrate blood 
meals, and the microbial community residing in the gut, internal tissues and on the 
cuticle.  We designed a custom bioinformatics pipeline to separate these DNA sources 
and analyzed them individually for either SNP genotypes (T. dimidiata, T. cruzi) or 
taxonomic identification (blood meal, microbes) (Fig 2.2). 
We mapped the trimmed sequences from all 32 specimens against six T. cruzi 
reference genomes downloaded from the NCBI genome database (May 2016) using 
Bowtie 1.1.2 [55]. These included a subset of DTUs: two representatives of TcI (ACCN: 
AODP01000000, ADWP02000000), one of TcII (ACCN: ANOX01000000), and two of 
TcVI (ACCN: AAHK01000000, AQHO01000000). We also included T. cruzi 






specimens were also mapped to filter out any contamination from abdominal tissue or 
handling, with only the unmapped reads from this step used in downstream analyses. 
Because there is no sequenced genome for T. dimidiata, we used the sequences 
derived from leg tissue to assemble a reference set of RAD-tags most likely to be derived 
from the T. dimidiata genome.  Using the 12 legs, we used the denovo_map pipeline in 
Stacks to obtain a putative set of T. dimidiata loci [56] (Fig 2.2).  The parameters of the 
alignment were set at 3X depth of coverage for the initial stack, with a maximum of two 
mismatches among trimmed sequences of a single individual. Once the first stack was 
formed with primary reads that met the parameters, we allowed a maximum of 4 
mismatches when aligning the secondary reads (those reads that did not meet the cut-off 
to align in the first stack), and a maximum of 3 mismatches per nucleotide across both the 
primary and secondary reads [56]. Once the alignment yielded a raw catalog, tags were 
retained if: (a) at least half of the specimens had a read for the locus, (b) there were 
between 0 and 3 SNPs present across the reference sequences and (c) there were no more 
than two haplotypes for any individual specimen at the locus. A total of 6206 loci fitting 
these criteria were used as a custom index in Bowtie against which all 32 specimens were 
mapped to obtain individual, vector-specific reads (Fig 2.2). 
SNP genotypes for both T. cruzi and T. dimidiata were called using the Stacks 
ref_map pipeline [56].  Because the number of reads retrieved for the vector were an 






the vector to a maximum of six mismatches between loci and a depth of coverage of 3X, 
while for the parasite we also allowed up to 6 mismatches but retained calls at 1X depth 
of coverage. We excluded any locus that had missing data in at least 18 of the 32 
specimens for T. dimidiata and 10 of the 13 T. cruzi-positive specimens for T. cruzi.  
With the remaining unmapped reads, we ran a BLAST search query of the nt 
database for potential blood-meal sources and microbiota, using an e-value cutoff of 
0.001, a query coverage minimum of 85 bp (97%), and only retaining the top hit that 
mapped to each sequence (Fig 2.2). Exploratory mapping to other databases (e.g., 
RefSeq) yielded fewer hits than the nt database and were not included in the final 
pipeline (results not shown).  When the sequence mapped equally well to multiple taxa, 
the first species returned by the BLAST algorithm was retained; although species identity 
in such cases was not well supported, identification was consistent across all reads of 
identical sequence within and among specimens.  Information on the mean e-value 
cutoffs by taxonomic group is provided as supplementary Table S1.  
Data analysis. Because genomic reference sequences were available for only three of the 
six DTUs, two approaches were used to assign a putative DTU to the T. cruzi-positive 
specimens.  First, we identified the total set of reads for each specimen that mapped 
successfully to any one or more of the T. cruzi reference genomes and then mapped this 
set of reads to each genome individually to determine relative mapping success.  For 






custom python script that identified all occurrences of the restriction enzyme recognition 
sequence in the genome and retrieved the 87 bp directly up- and down-stream of the cut 
site. These were mapped against each of the six reference genomes using the same 
Bowtie protocol as with the field specimen data to obtain expected mapping success for a 
given DTU.  Two main patterns of mapping success were found across the entire DNA 
specimen set (see Results); for each distinct subset, we ran one-way ANOVA and a post-
hoc Tukey’s range test using the stats package in R [57] to test whether the mapping 
success was biased toward a reference genome.  Second, we used the SNP genotypes 
generated with Stacks to reconstruct phylogenetic relationships among the in-silico 
genomes and the field specimens with MEGA version 7, using Maximum Likelihood 
with a nucleotide p-distance substitution model and 10,000 bootstrap permutations [58].  
To infer the population genetic structure of T. dimidiata, we performed a k-means 
clustering analysis, and classified the individuals by a discriminant analysis of principal 
components (DAPC) using the Adegenet package for R [59].  To prevent biases 
associated with missing data, specimens with >50% missing SNPs were excluded from 
the analysis (i.e., CHGU-01 and CHCE-01); one additional specimen (UnID) did not 
have precise geo-location information and was also excluded. Using the 29 remaining 
specimens, we identified the best number of genetic clusters using the k-means cluster 
algorithm from the find.clusters function in Adegenet and selected the value of k that 
minimized the Bayesian Information Criterion (BIC) value, setting the maximum number 






cumulative variance explained by the eigenvalues. We also calculated the fixation index 
(Fst), nucleotide diversity (pi), observed (Hetob) and expected (Hetex) heterozygosity 
among clusters using the Populations function in Stacks [56].  
To compare bacterial species richness across specimen types (infected abdomens, 
non-infected abdomens and legs), we used the rarefaction function in the Vegan package 
in R to estimate asymptotic species richness for each specimen [60,61]. Specimen types 
were compared using an ANOVA with post-hoc Tukey’s pairwise comparisons in the R 
Stats package. To compare gut bacterial community composition as a function of 
infection status, we ran a non-metric multidimensional scaling (NMDS) weighted Unifrac 
ordination analysis with the default number of dimensions (k=2) using the phyloseq 
package in R [62]. Because they do not contain gut tissue, leg specimens were excluded 
from this analysis.  Bacterial phylogenetic relationships were retrieved from the SILVA 
123 ribosomal living tree, pruned to the set of taxa present in the specimens using the 
prunedTree function in the Picante package [63, 64 65]. The matrix of counts is available 
in supplementary Table S3. To assess significance of clusters, we performed a post-hoc 
permutation analysis of 999 repetitions embedded in the NMDS function. 
To distinguish actual vertebrate blood meals from possible contamination due to 
handling and/or false-positive BLAST hits from multiple taxon matches, we identified 
the chordate species identified by the largest number of sequencing reads (the "top-hit" 






expressed as a percent of the total possible hits (i.e., the total number of reads that had not 
mapped to either the parasite or vector).  Leg specimens were used to determine the 
expected background representation of chordate hits.  Putative blood meals were called 
for those specimens with a top-hit representation statistically above the background, 
identified with an outlier test using the Tukey boxplot method for skewed data [66], with 
the upper outlier threshold defined by the Tukey range of Q3+1.5*IQR, the Inter-Quartile 
Range (Table S4).  
2.5. Results 
  Using RADseq for multi-organism mapping.  We obtained a total of 164.1 
million unfiltered reads across all specimens. There was no difference in the number of 
raw reads between leg and abdomen, or among specimens obtained in different collection 
years. After quality filtering, 70.69 % of reads were retained, with an average of 3.25 
million reads per specimen (± 652,000).  
Analysis with the mixed-species pipeline produced subsets of reads corresponding 
to all the expected taxonomic groups (parasite, vector, blood meal and bacteria) (Fig 2.3).  
Although most of the reads (63%) could not be assigned to a particular source, both the 
vector (20%) and the parasite when present (1%) were represented by sufficient mapped 
reads to approach saturation of SNP recovery (Figs 3a, 4a-b). In our internal control 
(Table 2.1), the leg specimen (JUCA-03) was over-represented compared to the abdomen 






This difference affected the number of mapped reads (37.87% higher), mean depth of 
coverage (222.8X for leg versus 98X for abdomen; Fig 2.4c), and number of called SNPs 
(19% higher); however, for the 15,611 loci called across both genotypes, only eight 
(0.05%) were different between the two tissue types. 
Trypanosoma cruzi infection and phylogenetic identification of parasite DTUs.  
Thirteen of the 20 abdomens mapped to at least one of the six available T. cruzi reference 
genomes; however, four of these specimens yielded fewer than 100 mapped reads, with 
no polymorphic loci (Fig 2.5).  These specimens were omitted from further T. cruzi 
analysis. Eight of the 12 leg specimens did not map to any of the T. cruzi genomes, while 
four legs mapped to at least one genome with a range of 1-7 reads and no polymorphic 
loci. The nine T. cruzi-positive abdomens yielded an average of 150,994 ±118,089 
mapped reads, corresponding to 6,377 unique genomic locations, with a total of 6,405 
SNPs (Fig 2.5). The median depth of coverage was 8.7X, ranging from 4.7X to 181.9X; 
there was no relationship between the mean depth of coverage and the number of SNP 
genotypes successfully called per specimen (Fig 2.4d). 
Detection of infection status via fecal microscopy and RADseq were significantly 
associated (Fisher’s Exact test, p = 0.0018) (Fig 2.5). All six specimens positive for T. 
cruzi by microscopy were also positive by RADseq. Seven additional T. cruzi-positive 
specimens were detected by RADseq but not by microscopy, including three with high 






identified solely by this method, the abdomen internal control, JUCA-02, yielded a total 
of 8,610 T. cruzi reads. In contrast, the leg control extracted from the same insect, JUCA-
03, yielded only 7 T. cruzi reads.  
Genome mapping comparisons indicated that the nine T. cruzi isolates from the T. 
dimidiata abdomens included two distinct parasite DTUs (Table 2.2).  Patterns of 
mapping success fell into two distinct groups; one encompassed the geographical range 
from Petén to Nicaragua (i.e. JUCA-01, PTN-01, PTN-02, NIC-01, JUCA-02, JUCH-05, 
SASA-01), while a second group included Belize (BLZ-01) and an unidentified specimen 
from Guatemala (UnID) (Table 2.2). Specimens from the first group were most like the 
TcI DTU (>92% mapping success to TcI-AOPD, >74% TcI-ADWP), followed by TcVI 
(<64%), TcII (<46%) and T. c. marinkellei (<12%) (Table 2.2). This was consistent with 
the TcI in-silico specimen, which mapped more successfully to the TcI reference genome 
than to any other DTU. Specimens from the second group mapped most closely to TcVI, 
consistently mapping >91% of their reads to the two available TcVI genomes, followed 
by TcII (<76%), TcI (<70%) and T. c. marinkellei (<12%), respectively (Table 2.2). This 
pattern was most like the TcVI in-silico reads, although compared to the TcVI in-silico 
tags, mapping success of the field specimens was lower to the TcVI genomes and higher 
for TcI and TcII (Table 2.2). 
Phylogenetic reconstruction also supported the existence of two DTUs (Fig 2.6). 






the two TcI genome references, the exceptions were BLZ-01and UnID, which formed a 
distinct cluster, sister to TcI and distinct from the clade that includes the TcVI and TcII 
reference genomes (Fig 2.6).   
Population structure of Triatoma dimidiata. All leg and abdomen samples mapped 
successfully to the T. dimidiata reference catalog, with an average of 610,013 ± 80,410 
mapped reads, corresponding to 19,577 ± 4,389 tags, and a total of 25,710 T. dimidiata 
SNPs across the 32 specimens. K-means clustering and posterior DAPC revealed four 
main clusters corresponding to their geographical distributions among the 29 T. dimidiata 
individuals included in the analysis (two excluded for low SNP counts, and one for which 
location data was not available) (Fig 2.7).  Madriz, Nicaragua (NIC), Quiché, Guatemala 
(QUI) and La Bendición, El Salvador (SABE) were clustered in one group; the two 
northern sites, Río Frío, Belize (BLZ) and Petén, Guatemala (PTN), were clustered in a 
second group; all individuals from Chiquimula, Guatemala (CHAM, CHCE, CHGU and 
CHPR) were isolated in a third cluster; and the remaining specimens from the region of 
Santa Ana, El Salvador and Jutiapa, Guatemala (SACH, SAJU, SASA, JUBR, JUCA, 
JUCH and JUYU) were grouped in a fourth cluster (Fig 2.7). The Fst values between 
clusters were greater than zero in all pair-wise comparisons; cluster 3, which groups all 
individuals from Chiquimula, was the most differentiated, with pair-wise Fst ranging from 
0.142 to 0.222 compared to 0.062 to 0.083 for all pair-wise combinations not involving 
cluster 3 (Table 2.3). Nucleotide diversity and observed heterozygosity were highest in 






geographic area encompassed by this cluster (Table 2.3; Fig 2.1).  Across all clusters, the 
expected heterozygosity tended to be higher than the observed (Table 2.3). 
Other Taxa from BLAST search. For the 16% of reads with a significant BLAST hit 
(e-value < 0.001), 68% mapped to bacteria, 21% mapped to chordates, and the remaining 
11% mapped to archaea, insects, protozoa, viruses, fungi and nematodes (Fig 2.3b). 
Among chordates, 59% matched to known mammalian T. cruzi hosts, including dogs, 
humans, rodents, cats, swine, ruminants and opossum (Fig 2.3b). Domestic birds, 
including chickens, ducks, and turkeys, constituted 30% of the bird BLAST reads. Within 
the viruses, 94% were bacteriophages. Fungal hits included entomopathogenic strains in 
the orders Hypocreales (e.g., Beauveria and Metarhizium) and Entomophthorales (e.g., 
Zoophthora and Entomophaga) typically used for biological control.  Human and rodent 
parasitic nematodes, in the genera Angiostrongylus, Heligmosomoides, Haemonchus, 
Parastrongyloides, and Strongyloides constituted 94% of the nematode community and 
were found across all 32 specimens, while entomopathogenic nematodes from the genus 
Steinernema constituted 5% of the nematode mapped reads (Fig 2.3b).  
Gut bacterial community structure.  Bacterial species richness varied significantly 
across specimen types (F2, 29= 4.15, p = 0.019). Infected abdomens with T. cruzi 
contained significantly more bacterial species than non-infected abdomens (post-hoc 
Tukey test, p <0.01) (Fig 2.8), but there was no difference in species richness between the 






bacterial species across all abdomens.  The reads from the subset of T. cruzi-infected 
abdomens mapped to 1,006 bacterial species, with 49% unique to a single specimen and 
28% present across more than 50% of the infected abdomens. SNPs from non-infected 
abdomens mapped to 508 bacterial species, with 70% of the species mapping to a single 
specimen; however, only 12 species (2.4%) from four genera (Bacillus, Enterobacter, 
Ralstonia, and Alcaligenes) were shared by more than 50% of the uninfected specimens. 
Unifrac analysis of gut bacterial community composition grouped specimens 
based on both geographic location and infection status.  The first NMDS axis, explaining 
47.2% of the variance, separated most regions from Guatemala and Belize from Quiché, 
Guatemala and El Salvador. The second NMDS axis, explaining 28.9% of the variance, 
separated Jutiapa from Chiquimula, Guatemala (Fig 2.9). Infected specimens from all 
sites were clustered around the origin.  Permutation tests determined three statistically 
significant clusters: (1) non-infected specimens from Jutiapa, Guatemala (p = 0.031), (2) 
non-infected specimens from Chiquimula (p=0.028), and (3) infected-specimens from 
multiple locations (p=0.043) (Fig 2.9).  
Blood meal detection.  Five abdomens returned chordate reads for a single top-hit 
species at an order of magnitude higher than the background threshold calculated from 
the leg controls. Top hits for these specimens included chicken, dog, duck and human 
(Fig 2.10). Reads that matched chordates were present in all 32 specimens, including both 






specimens (median = 0.035% of reads; Fig 2.10); these included human (n=23), domestic 
birds (chickens and ducks) (n=5), dog (n=1), fish (n=1), ruminant (n=1) and frog (n=1) 
(Table S5).  
2.6. Discussion 
Our results suggest that RADseq can be used to simultaneously investigate T. 
cruzi infection and phylogenetic reconstruction of DTUs, population genetic structure of 
T. dimidiata, parasite-microbial interactions in the gut of the vector, and predominant 
blood meal source. For vector-borne diseases that involve multiple interacting species, 
methods that can produce data on an entire community can be used to leverage a single 
genetic study to address multiple biological questions across a range of taxa. Although 
the approach has some limitations, there was sufficient information to identify 
biologically meaningful patterns of genetic and community structure across Central 
America.  Furthermore, the modest minimal requirements of 2-3 million reads to recover 
sufficient data on all taxa also makes RADseq a relatively economical method, with 
expected sequencing costs in 2016 of ~$30/specimen using current sequencing 
technologies (e.g., HiSeq 2000).   
RADseq successfully identified T. cruzi infection across multiple DTUs (Fig 2.5), 
with higher sensitivity than microscopy. The sensitivity of the method is important for 
surveys of parasite prevalence in natural populations, as T. cruzi infection intensity within 






hindgut. In general, molecular methods such as PCR-based detection has proven more 
sensitive compared to microscopy, but replicability of PCR methods is dependent on the 
volume of parasitic DNA extracted from the hindgut, the extraction protocol, and the 
DNA region that the probes amplify [67, 68]. Given the low representation of the parasite 
across all specimens (1% of all trimmed reads), T. cruzi is likely to be more readily 
detected in RADseq libraries prepared with longer restriction enzymes that cut in fewer 
recognition sites, allowing higher depth of coverage across the parasite genome (6-8 
bases, e.g. SbfI or PstI). Careful dissection to maximize the representation of parasite-rich 
tissues such as the lower abdomen and anus may also assist in T. cruzi recovery by 
preventing overrepresentation of the vector during sequencing.  
When T. cruzi is found, the genome-wide sampling provided by RADseq, in 
combination with the availability of reference genomes, also provides an effective tool 
for T. cruzi DTU identification and phylogenetic reconstruction.  The two DTUs 
identified among the nine infected specimens clustered into two clear clades, with strong 
bootstrap support and branch lengths between clades ~10-fold longer than that within 
each DTU (Fig 2.6).  The more common of these closely matched TcI, the DTU expected 
to be the most common in circulation in Central America [7, 11, 13]. The second DTU 
mapped most strongly to the TcVI reference genomes, which would be a surprising 
finding, as TcVI has not been reported in Central America. Rather, the two DTUs most 
commonly found are TcI and, less frequently TcIV (previously TcIIa) [69, 70, 71, 72, 73, 






was therefore not included in this study. Indeed, two indirect lines of evidence suggest 
that the second DTU may be TcIV.  First, assignment to TcVI is not supported by 
phylogenetic inference. Rather than clustering with the TcVI isolates, the “TcVI-like” 
DTU is sister to TcI, and this combined clade is sister to that containing TcII and TcVI. 
Second, TcVI is a hybrid lineage, with likely parents of TcII and TcIII [13]. TcIV is also 
likely a hybrid, with postulated parents TcI and TcII [13, 76, 77]. This partially shared 
parentage (TcII) may explain the high mapping success to the TcVI reference genome. 
Full sequencing of the TcIV genome, along with the remaining DTUs, should help to 
resolve this question. As additional references become available, the power of the 
RADseq mapping approach to positively assess DTU identities throughout the Americas 
should progressively increase, as well as the ability to detect signals of population 
structure, local adaptation, recombination and mixed-infection frequency.   
Despite the absence of a sequenced reference genome for T. dimidiata, this study 
effectively identified SNP markers useful for understanding vector population structure.  
Even with relatively strict filtering criteria, using a small set of vector-only reference 
specimens to create a species-specific catalog yielded tens of thousands of SNP markers 
(Figs 2, 4a), and the low BLAST mapping to other insects (0.06% of all trimmed reads) 
suggests that the method captured a substantial proportion of the true T. dimidiata tags in 
the mixed-DNA specimens. The SNP dataset successfully resolved biogeographic 
structure at both large and medium geographic scales (Fig 2.7), yielding four distinct 






differentiation within T. dimidiata across Central America [24, 26, 27]. The northern 
cluster, encompassing Belize and Petén, is both geographically and ecologically distinct.  
Although all specimens in this study were collected from domestic habitats, house 
occupancy is rare in this region [30]. This implies that the cluster represents a typically 
sylvatic biotype of T. dimidiata. Previous work has reported genetic and morphological 
differentiation between domestic and sylvatic vectors [23, 26, 30, 78]; high-throughput 
sequencing techniques like RADseq may allow more thorough characterization of such 
differences. Within the central region, two distinct genetic clusters were identified: the 
department of Chiquimula, Guatemala, which was the most highly differentiated from 
other clusters, and a second cluster grouping the neighboring departments of Jutiapa, 
Guatemala and Santa Ana, El Salvador, which had the highest genetic diversity (Table 
2.3).  The pattern of differentiation in Chiquimula may be due to historical isolation of 
the region driven by elevation differences and geographical barriers [25, 26, 79, 80]. 
Furthermore, house improvements conducted from 2002 to 2006 may have contributed to 
local allele frequency changes because of population decline and recovery, although there 
is little evidence of associated losses in nucleotide diversity or heterozygosity (Table 2.3) 
[81].  In contrast, Jutiapa and Santa Ana are current infection hotspots [82, 83], with the 
highest genetic diversity within the region (Table 2.3), and high gene flow among towns 
compared to the rest of the clusters [27] driven by human-mediated transportation via 






RADseq can also reveal biologically interesting comparative patterns of 
microbiome variation that can subsequently be explored with more in-depth metagenomic 
approaches.   From this study, two main drivers of gut bacterial community structure are 
evident. First, bacterial communities were strongly locally structured, with distinct 
species assemblages even between Jutiapa and Santa Ana, whose vector populations are 
not differentiated (Figs. 7,9). Second, T. cruzi parasitic infection significantly increases 
the diversity of bacteria (p <0.01), introducing a common additional set of infection-
associated microbiota across the entire region (Fig. 9).   These patterns are consistent 
with recent literature demonstrating shifts in bacterial diversity across vector genera, by 
geographic location, and parasitic infection status [35, 84].  How T. cruzi interacts with 
gut microbes is a promising area of future research in this system, as infection prevalence 
is highly variable across Central America and may be affected by the ability of native 
microbial communities to resist colonization [40, 84].  Further studies of infection-
associated bacterial taxa may also reveal important aspects of the transmission cycle. 
Infection may facilitate bacterial colonization due to modification of the immune 
response of the vector or changes in the gut lining [33, 38]; alternatively, successful 
infection may be the result of bacterial compositional changes associated with insect 
condition, health or other factors that make the gut environment more favorable for T. 
cruzi attachment [32, 34, 35, 36, 37, 41, 84].  
Although RADseq can identify community patterns, it is likely to be poor for 






anticipated a priori. True species identity often could not be ascertained with confidence 
due to database limitations and lack of sequence specificity; a significant drawback of 
RADseq is the short-read length, which can make it difficult to assign taxonomic identity 
with precision. Of the set of reads that did not map to either the parasite or vector, 
significant BLAST hits were returned for 20.1% of the queried reads (Fig 2.3a). Even in 
the subset of reads with a significant hit, the likelihood that the taxon returned was the 
true DNA source depended on its representation in the nr database as well as the degree 
of evolutionary conservation of the genomic region.  This was most evident in reads 
assigned to chordates, which occasionally returned species that clearly were not locally 
available, including model organisms (e.g., zebrafish) and Old-World relatives of 
putative blood meals (e.g., gorilla).  It is more difficult to assess the degree to which 
misassignment occurred in other taxonomic groups, but to fully characterize the species 
profile of the vector gut, it would be necessary to follow-up with metagenomic and/or 
barcoding methods (e.g., 16S barcoding).  This is less of a critical issue for community 
composition analysis because the Unifrac procedure incorporates phylogenetic 
relationships into the distance measure, linking specimens even when minor sequence 
differences lead to different species calls. 
Given that triatomines can live for several months in starvation [85], and that 
many field studies have found that specimens are often starved at the moment of 
collection, it was not surprising that we were able to confirmation putative sources of 






contamination from human handling was uniformly present across samples, the RADseq 
approach was arguably least effective at resolving vector-feeding patterns, and is likely to 
be useful only for very recent or large blood meals.   Minimizing handling, along with 
surface-sterilizing and extracting DNA under sterile conditions are advisable for 
minimizing such sources of ambiguity.  
In addition to background contamination, the strict DNA quality requirements for 
next-generation sequencing technologies likely introduce biases against detecting blood 
meals.  Although using abdomen DNA has the tremendous advantage of investigating 
mixed taxa, the use of abdomens presents the challenge of obtaining high-quality DNA 
that has not been degraded by digestion. Previous studies targeting blood meals using 
species-specific primers recommended the use of PCR-based assays targeting small size 
amplicons of nuclear DNA to detect unique blood meals instead of a catchall method 
[86,88].  In our experience, obtaining high-quality DNA from the hindgut of adult T. 
dimidiata was challenging, with a total of 61 insects required to obtain the final 32 
specimens.  Even among these specimens, sequencing yield ranged from 489,656 to 
18,878,597 reads, a 38-fold range.  Many DNA specimens excluded from sequencing 
were characterized by a strong second band of degraded DNA at 100-200bp, possibly a 
degraded blood meal, in addition to the expected high-molecular weight band (results not 
shown).  The degradation from blood meal digestion is compounded by the challenge of 
field preservation, storage, and transport of specimens from remote areas with limited 






comparisons, higher extraction success tended to be achieved when specimens were 
collected closer to the extraction date than those collected 3+ years earlier. Additionally, 
the time delay between DNA extraction and sequencing was kept to a maximum of one 
month to maintain the quality of the specimens and avoid DNA degradation during 
storage.  
A benefit of using taxonomically, non-specific sequencing approaches like 
RADseq is the potential for discovery of unexpected taxa that may be of ecological or 
epidemiological importance. One such finding was the common presence of 
entomopathogenic fungi (22% of fungi hits). Although none of the specimens showed 
visual evidence of cuticular fungal germination, the presence of Beauveria, Metarhizium, 
Zoophthora, and Entomophaga, both in the abdomens and legs, suggest possible latent 
infection of the vectors by spores waiting for environmental cues that can trigger 
germination [89].   Although the fungal inoculation sources are unknown, the presence of 
the entomopathogenic genera across tissues and specimens suggests a wide distribution 
of spores regardless of the local environment in which the triatomine was collected [90]. 
We also found a low signal of entomopathogenic nematode species from the 
family Steinernematidae. Additionally, the BLAST search revealed a wide range of 
common mammalian parasitic nematodes from the genera Angiostrongylus, 
Heligmosomoides, Haemonchus, Parastrongyloides and Strongyloides (Fig 2.2). 






during handling, this result raises the possibility that T. dimidiata may harbor and/or 
transmit such parasites as a passive carrier of infective free-living larvae or eggs [91]. 
This is a meaningful finding because of the potential of co-transmission of additional 
human pathogens, which has been previously documented in other vectors such as Aedes 
aegypti and A. albopictus [92]. The role of a triatomine vector could either involve the 
cutaneous transportation of the nematode as it moves from dirt crevices to the skin of 
mammalian host or by gut transportation; eventually defecating eggs near open wounds, 
eyes, or areas prone to oral contamination [94, 95]. It is unlikely that the vector can 
acquire the nematodes from a blood meal source given that only the genus Strongyloides 
is known to have a non-reproductive larval stage in the human bloodstream, and even in 
this case, it is cutaneously transmitted, remaining in the bloodstream only in transition to 
the small intestine [93]. The detection of other human pathogenic nematodes opens new 
avenues of research to study the role of triatomines in the context of vector-aided 
transmission. Although the aim of this study was not to reveal community patterns 
beyond the parasite, vector and microbiota, our findings can potentially lead to 
community-based studies of entomopathogenic fungi and nematodes, human parasitic 
nematodes and other taxa with relevant association to disease transmission complexes.  
Overall, our results show that a mixed-DNA approach can provide simultaneous 
information on the community of biotic factors involved in Chagas disease transmission.  
RADseq can provide informative SNP marker sets for taxonomic and biogeographic 






also has a strong potential to retrieve information about the community ecology and 
diversity of microbiota; and although it is limited at revealing quantitative details of 
vector feeding history, this method may be useful for identifying recent vertebrate hosts. 
For all of these areas of inquiry, a broad-based sequencing approach can reveal novel 
patterns that can be followed up with complementary approaches (e.g., proteomics, 
metagenomics). Testing this mixed-DNA sequencing method with different vectors and 
disease models will help to determine its reproducibility in other systems where multiple 
organisms interact in tightly-integrated and complex ways. 
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BLZ-01 Abdomen 2008 NA Río Frío Toledo Belize 
SACH-01 Leg 2009 El Chilcuyo Santa Ana Santa Ana El Salvador 
SACH-02 Leg 2009 El Chilcuyo Santa Ana Santa Ana El Salvador 
SACH-03 Leg 2009 El Chilcuyo Santa Ana Santa Ana El Salvador 
SABE-01 Abdomen 2009 La Bedición Santa Ana Santa Ana El Salvador 
SASA-02 Leg 2009 Monte Largo Santa Ana Santa Ana El Salvador 
SASA-01 Abdomen 2009 Santa Ana Santa Ana Santa Ana El Salvador 
SAJU-02 Leg 2009 El Jute Texistepeque Santa Ana El Salvador 
SAJU-01 Leg 2009 El Jute Texistepeque Santa Ana El Salvador 
CHAM-01 Leg 2011 Amatillo Olopa Chiquimula Guatemala 
CHAM-02 Leg 2011 Amatillo Olopa Chiquimula Guatemala 
CHCE-03 Leg 2011 El Cerrón Olopa Chiquimula Guatemala 
CHCE-02 Abdomen 2011 El Cerrón Olopa Chiquimula Guatemala 
CHCE-01 Abdomen 2011 El Cerrón Olopa Chiquimula Guatemala 
CHGU-01 Abdomen 2011 El Guayabo Olopa Chiquimula Guatemala 
CHPR-02 Abdomen 2011 La Prensa Olopa Chiquimula Guatemala 
CHPR-01 Leg 2011 La Prensa Olopa Chiquimula Guatemala 
CHPR-03 Leg 2011 La Prensa Olopa Chiquimula Guatemala 
JUCA-01 Abdomen 1999 EL Carrizal Yupiltepeque Jutiapa Guatemala 






JUCA-03 Leg 2013 EL Carrizal Jutiapa Jutiapa Guatemala 
JUCH-01 Abdomen 2012 El Chaperno Jutiapa Jutiapa Guatemala 
JUCH-02 Abdomen 2012 El Chaperno Jutiapa Jutiapa Guatemala 
JUCH-03 Abdomen 2012 El Chaperno Jutiapa Jutiapa Guatemala 
JUCH-04 Abdomen 2012 El Chaperno Jutiapa Jutiapa Guatemala 
JUCH-05 Abdomen 2013 El Chaperno Jutiapa Jutiapa Guatemala 
JUBR-01 Abdomen 2012 La Brea Jutiapa Jutiapa Guatemala 
UnID Abdomen NA NA NA NA Guatemala 
PTN-01 Abdomen 2012 El Chapayal San Luís Petén Guatemala 
PTN-02 Abdomen 2012 El Chapayal San Luís Petén Guatemala 




NIC-01 Abdomen 2007 San Ramón Palacaguina Madriz Nicaragua 
Information for 32 T. dimidiata specimens from Central America collected from 2006 to 
2012. JUCA-2 and JUCA-3 are leg and abdomen from the same insect, replicated for 
internal control. Individual ID is color coded according to the within-country regional 









Figure 2.1. Geographic locations of the sequenced T. dimidiata specimens.  
Specimens from Madriz, Nicaragua, Quiché, Guatemala, Petén, Guatemala and Toledo, 
Belize were sampled to capture variation across countries. To assess within-country 






intensively to include within-country regional and among-village variation. Locations are 







Figure 2.2. Bioinformatics pipeline separating RADseq data obtained from the legs 
and abdomens of Triatoma dimidiata specimens. Raw data from 32 T. dimidiata were 
trimmed and filtered using FastX tools, then mapped to the six available T. cruzi genomes 
using Bowtie. The unmapped reads from the host were assembled denovo using Stacks, 
converted to an index, and used as a catalog to map all to T. dimidiata; both sets of 
mapped reads were aligned in STACKS to obtain markers for the parasite and host. The 
NCBI nt database was queried (May 2016) with the remaining unmapped reads to 
quantify matches obtained from chordates (blood meal hosts), bacteria and other taxa. 
Input and output parallelograms are color-coded to indicate the vector (yellow), parasite 







Figure 2.3. Percentage of reads mapped to different DNA sources across all 
specimens. (A) The overall percentage of reads mapped to Trypanosoma cruzi, Triatoma 
dimidiata, other taxa (BLAST results), and unmapped reads; and (B) the breakdown of 







Figure 2.4. Number of SNPs retrieved in relation to mapped reads and depth of 
coverage for T. dimidiata and T. cruzi. Log-transformed number of single nucleotide 
polymorphisms (SNPs) in relation to the number of (A) T. dimidiata and (B) T. cruzi 
mapped reads, and the average depth of coverage for (C) T. dimidiata and (D) T. cruzi. 
Error bars represent the standard error from each data range. In figures B and D, gray 







Figure 2.5. Trypanosoma cruzi infection measured by the count of mapped reads 
detected from the 20 genotyped abdomens. Star indicates positive T. cruzi infection 








Table 2.2. Percentage of reads independently mapped to six T. cruzi reference genomes. 
Type DTU* / Specimen ID 
TcI TcII TcVI 
Tc 
marinkellei 




TcI - AODP 100 81 39 56 54 8 
TcI - ADWP 84 100 41 60 58 7 
TcII - ANOX 41 41 100 85 84 10 
TcVI - AAHK 46 45 63 100 94 10 
TcVI - AQHO 46 44 62 96 100 10 




JUCA-01 93 79 42 58 56 9 
PTN-01 95 86 46 62 62 9 
PTN-02 95 84 44 64 60 12 








JUCA-02 95 74 37 52 50 7 
JUCH-04 92 83 44 61 58 10 
SASA-01 96 86 44 62 60 8 
Tukey’s range test a b d c c e 
BLZ-01 70 69 70 92 91 11 
UnID 64 64 76 92 91 12 
Tukey’s range test b c c b a a d 
*DTU accession numbers = AODP00000000.1, ADWP00000000.2, ANOX00000000.1, 
AAHK00000000.1, AQHO00000000.1, and AHKC00000000.1. Letters a-e corresponds to the separation of 







Figure 2.6. Phylogenetic Inference by Maximum likelihood of T. cruzi from nine 
infected abdomens of T. dimidiata. Specimens originating from Petén, Guatemala 
(Purple) Jutiapa, Guatemala (light-blue), Belize (red), Santa Ana, El Salvador (blue) and 
Nicaragua (orange), and six in-silico genotypes from the reference genomes of two TcI, 
one TcII, and two TcVI DTUs and the out-group T. c. marinkellei.  The tree topology was 






Figure 2.7. Population genetic structure of Triatoma dimidiata across Central 
America inferred with a discriminant analysis of principle components (DAPC) 
based on SNP markers. DAPC shows the maximized differences among four genetic 
clusters of the vector. Clusters were determined using the k-mean clustering algorithm 
and choosing the lowest Bayesian Information Criterion (BIC). Ellipses show 95% 
confidence intervals. The first two eigenvalues explain 69.2% of the variation found in 
21,461 SNPs.  
 
Table 2.3. F-statistics and summary statistics for Triatoma dimidiata clusters 
identified by k-means clustering. 
Fst 1 2 3 4 pi Hetex Hetob 





2  0 0.222 0.083 0.099 0.078 0.056 
3   0 0.165 0.093 0.084 0.041 
4    0 0.170 0.159 0.102 
Cluster 1 includes Nicaragua (NIC), Quiché (QUI) and La 
Bendición (SABE); cluster 2 includes Belize (BLZ) and Petén 
(PTN); cluster 3 includes Chiquimula (CHAM, CHCE, CHGU 
and CHPR); and cluster 4 includes Santa Ana and Jutiapa 
(SACH, SAJU, SASA, JUBR, JUCA, JUCH and JUYU).  
Cluster pair-wise F-statistics are color coded by genetic 
differentiation, where darker grey shows stronger cluster 
differentiation.  The individual pairwise distance values are 








Figure 2.8. Box-plot comparison of the asymptotic species richness of identified in 
SNPs from T. dimidiata legs, non-infected abdomens and T. cruzi-infected 
abdomens. Letters indicate statistically significant groupings based on post-hoc Tukey’s 








Figure 2.9. NMDS plot of bacterial community structure based on weighted Unifrac 
distances. Specimens are color-coded by within-country regions; stars indicate T. cruzi-
positive abdomens. Colored polygons indicate statistically significant clusters from a 






Figure 2.10. Outlier test of top chordate hits. Specimens are sorted by top-hit 
percentage; legs were included in the analysis as baseline controls.  Species identity of 
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3.1. Abstract  
Chagas disease is caused by the protozoan parasite Trypanosoma cruzi, and 
transmitted by multiple species of Triatominae in the Americas. In Guatemala, the main 
vector of Chagas Disease is Triatoma dimidiata (Hemiptera, Reduviidae), a highly 
diverse species, adapted to domestic, peridomestic and sylvatic ecosystems. Spraying 
pyrethroid insecticides in domestic ecotopes is the main controls strategy of Chagas 
disease transmission in Guatemala, but prior work demonstrated that efficacy is low and 
short-term. This study aims to understand the domestic population patterns that aid the 
recovery of T. dimidiata after an insecticide treatment and the seasonal changes that 
regulate the dynamics of untreated communities in Jutiapa, Guatemala. In the town of El 
Carrizal, we conducted three entomological surveys in 146 houses to sample three-month 
pre-insecticide application, and six- and 18-month post-application. In El Chaperno, 193 
houses were surveyed across two unsprayed efforts with the purpose of capturing dry-
season migration processes. To analyze the genetic information from the specimens 
collected in the surveys, we used Genotyping-by-Sequencing to identify 2-3000 SNPs for 
kinship and population genetic analysis. Our research found that in El Carrizal, the 
insecticide treatment was effective at reducing the population abundance immediately 
after the application; nevertheless, by the final survey, 29% of the treated houses had 
been re-infested and the genetic diversity had recovered to its basal level. In El Chaperno, 
despite expecting an increase in the number of vectors due to seasonal dispersion, we 
observed no difference in abundance, number of infested houses, or genetic diversity, 





house kinship in El Carrizal 18-months post treatment suggests lack of insecticide 
efficacy to fully eliminate domiciliated colonies. In contrast, a significant decrease of the 
within-house kinship in El Chaperno supports the hypothesis of multiple events of 
seasonal dispersion into households during the dry season. After the insecticide treatment 
in El Carrizal, spatial fragmentation led to lack of genetic spatial autocorrelation; 
nevertheless, observed autocorrelation before and 18-month after the insecticide 
treatment suggest rapid dispersal of insects into neighboring houses. In El Chaperno, 
spatial autocorrelation was detected after the seasonal dispersal, suggesting spatial 
expansion of at least one getic cluster into neighboring houses. Our findings shed light on 
the limitations of insecticide-based strategies to control T. dimidita infestation. The 
efficacy of the pyrethroid applications is short-term and rapidly diminished by within-
house breeding and seasonal dispersion. Our study demonstrates that, contrary to 
previous conceptions, domestic dispersion predominantly occurs within the town’s 
periphery, and mostly among neighboring houses. Given these patterns, we conclude that 
implementing eco-health control strategies that limit the domestic niches where vectors 
can establish could be a more cost-effective and long-term method to reduce T. dimidiata 






Chagas disease is caused by the protozoan parasite Trypanosoma cruzi 
(Kinetoplastida, Trypanosomatida) and transmitted by multiple species of Triatominae in 
the Americas (Gourbière et al. 2012, Waleckx et al. 2015, WHO 2010). It is widely 
distributed from southern USA to northern Argentina, with prevalence varying from 
0.03% to 6.1%across the continent (Benzinger et al. 2015, WHO 2010).Among the 600 
million people living in countries where the disease and vector are endemic, 5.7 million 
are infested and 70 million are at risk (WHO 2010). In Guatemala, the main vector of 
Chagas disease is Triatoma dimidiata (Hemiptera, Reduviidae), a highly diverse native 
species that can be found in domestic, peridomestic and sylvatic ecosystems (Bargues et 
al. 2008, Dorn et al. 2003, Dorn et al. 2007, Gourbière et al. 2012, Stevens et al. 2015, 
Waleckx et al. 2015). The WHO (2010) estimates the prevalence of Chagas disease in 
Guatemala at 1.2% of the total population. 
Chagas disease transmission is mainly controlled by spraying insecticides inside 
houses and nearby out-buildings (Barbu et al. 2009, Cercere et al. 2013, Dumonteil et al. 
2004, Hashimoto et al. 2006, Lucero et al. 2013, Ramsey et al. 2003, Tabaru et al. 1998, 
Yoshioka, et al. 2015). In the past, a successful eradication campaign in Central America 
to reduce Chagas disease transmission by Rhodnious was predominantly based on the use 
of pyrethroid insecticides (Hashimoto and Schofield 2012, WHO 1997). Nevertheless, 
strong differences in the ecology and genetic diversity between R. prolixus and T. 
dimidiata suggest that similar intervention strategies may not be equally effective to 





Hashimoto et al. 2006, Weeks et al. 2013). The strongest objections to using insecticide 
as a stand-alone intervention method are the short-term effectiveness (i.e. 3-6 months) 
and the low efficacy to prevent re-infestation of the vector (i.e. 6 months to 1 year) 
(Barbu et al. 2014, Bustamante et al. 2009, Taburu et al. 1998).  
Previous research has shown that re-infestation of houses by migrating insects 
from sylvatic and peridomestic environments are often seasonally and environmentally 
driven, and thus, contribute to the inefficacy of the insecticide treatments (Barbu et al 
2014, Barbu et al. 2011, Bustamante et al. 2014, Dorn et al. 2003, Gourbière 2012, 
Monroy et al. 2003, Ramirez et al. 2010). For instance, studies conducted in the regions 
of Yucatán Peninsula and by Dumonteil et al. (2004) and in Petén, Guatemala by Monroy 
et al. (2003), recorded a rapid re-colonization from peridomestic ecotopes. In both 
studies, these dispersion events occurred predominantly at the end of the dry season, 
between the months of March through May. In response to T. dimidiata prevalence in 
rural communities, scientists and global health organizations have started developing and 
promoting eco-health alternatives that focus on improving the infrastructure of 
households at risk of infestation (Gürtlerand Yadon 2015, De Urioste-Stone et al. 2015, 
Lucero et al. 2013, Monroy et al. 2009, Yoshioka et al. 2015, Zamora et al. 2015, 
Zeledón and Rojas 2006). Yet, despite the potential effectiveness of these eco-health 
strategies, most national health institutions prefer the sole use of insecticides due to 
readiness of the application methods, prompt remediation, and low residual effect (Barbu 





Beyond the ability of T. dimidiata to migrate, adaptive behavior in domestic 
ecotopes such as hiding deep in the crevices of walls, floors, and roofs, increases the 
possibility of surviving insecticide treatments (Bustamante et al. 2009, Monroy et al. 
2009, Zeledón et al. 1970). Furthermore, given that a fertilized female adult could lay an 
average of 177 fertile eggs in its life span (Zeledón et al. 1970), it is likely that a female 
that survives an insecticide treatment could re-populate a house in a single life cycle. 
Among all life stages of T. dimidiata, third to fifth instar nymphs are more likely to avoid 
a chemical treatment because of their ability to fit deeper into crevices, survive weeks 
without a blood meal, and reduce their feed to a single blood meal per stage (Zeledón, 
1970). Ultimately, if surviving larvae mature and mate with individuals of their own 
colony, we would expect an increase of the degree of kinship (i.e. genetic relatedness 
among individuals of the same population) over time due to inbreeding. Alternatively, if 
the insecticide treatment fails to prevent subsequent migration from outside sources, 
interbreeding between survivors and dispersers can lead to a decrease in the degree of 
kinship (Melgar et al. 2007), even after a temporal reduction of the genetic pool.  
Measuring changes in abundance and kinship among individuals within houses 
and across towns can shed light on the true efficacy of insecticide treatments and 
subsequent sources of re-infestation. The development of DNA-based tools, such as 
Genotyping by Sequencing (GBS), give us the ability to measure changes in the 
dynamics of populations affected by temporal and environmental factors regardless of the 
spatial resolution (Davey et al. 2011, Elshire et al. 2011). By developing thousands of 





analyze the fine-scale population structure of individuals across towns and within houses 
to better understand the factors that aid the recovery of a population after disruptive 
events such as an insecticide treatment.  
Conventional insecticide application has limited long-term efficacy, so detailed 
knowledge of the changes in the vector population after houses have been treated is 
necessary to optimize vector control strategies. This study aims to understand the 
domestic population patterns that aid the recovery of T. dimidiata after an insecticide 
treatment and the temporal dispersion during the dry season that regulate the dynamics of 
untreated communities. We measured the effects of one insecticide intervention in El 
Carrizal and seasonal dispersal patterns in El Chaperno by combining spatially and 
temporally explicit survey data from each town and genome-wide single nucleotide 
markers (SNPs) obtained from a genotyping-by-sequencing (GBS) pipeline from the 
DNA of T. dimidiata specimens. We analyzed the temporal patterns of infestation within 
the insecticide-treated town of El Carrizal and the untreated town of El Chaperno in 
Jutiapa, Guatemala to understand if (1) insecticide applications reduce abundance and 
genetic diversity over time, (2) population recovery is due to survival of spraying and/or 
re-infestation by dispersers, (3) distribution of the vector is affected by seasonal dispersal, 
and (4) at what spatial scale does dispersal happens. 
3.3. Methods 
Study sites and entomological surveys. El Carrizal (14.3766, -89.9863, 700 mamsl) and 
El Chaperno (14.3491, -89.9468, 700 mamsl) are rural communities located in the 





crossing North to South (Fig 3.1). The National Institute for Seismology, Volcanology, 
Meteorology and Hydrology in Guatemala reports an average annual precipitation for 
Jutiapa of 1,633 mm concentrated in the months of May through October, and peaking in 
the month of September (Guatemala, December 2012). The Euclidean distance between 
towns is 5.26 km, with an effective road distance of 11.6 km (Fig 3.1). In both towns, 
most houses are built with adobe and other local materials, with fewer than 10% built 
from cement blocks. At the onset of the study, no eco-health project had been initiated in 
either town; and the vector control program was based solely on insecticide applications 
of deltamethrin (third generation pyrethroid). Prior to this study, the Ministry of Health 
reported insecticide campaigns for the control of Chagas disease in Oct. 2010 for el 
Carrizal and February 2008 for El Chaperno.   
Surveys to search for T. dimidiata were conducted in both El Carrizal and El 
Chaperno between 2012 and 2015 in collaboration with Laboratorio de Entomoligía 
Aplicada y Parasitología (LENAP) at San Carlos University of Guatemala and the 
National Vector Control Program implemented by Guatemala’s Ministry of Health 
(Jutiapa, Guatemala) (Table 3.1). A man-hour method was implemented to exhaustively 
search for T. dimidiata on walls, floor, clutter, in-house animal coops and personal 
belongings from each household (Monroy et al. 1998). All houses from both towns were 
geo-referenced (waypoint error = ± 6 m) during the basal surveys using Garmin eTrex® 
GPSs, set to WGS 84 map datum.  
In El Carrizal, the basal survey was conducted in February 2013 (Table 3.1). 





treated with deltamethrin between the months of March and May 2013, according to the 
Guatemalan Department of Health Vector Control Protocol (Jutiapa, Guatemala) (Table 
3.1). In January 2014, six months after all infested houses were treated, an intermediate 
survey was coordinated to collect specimens and assess differences in abundance after the 
insecticide treatment. No houses, infested or uninfested, were treated after this survey 
(Table 3.1). In April 2015, 18 months after the insecticide treatment, a final survey was 
conducted (Table 3.1). Once the final survey was completed, the Ministry of Health staff 
treated all positive houses identified in the intermediate and final surveys with 
deltamethrin.  
In El Chaperno, houses were surveyed on the first week of Oct.2012 (Table 3.1) 
at the end of the rainy reason; however, no houses were treated with insecticide after this 
survey. Eight months after the first collection, the second and final surveys were 
conducted amid the following rainy season on July 2013 (Table 3.1). Once the surveys 
were completed, the Ministry of Health treated all infested houses from the basal and 
final surveys with deltamethrin.  
The specimens from each survey were collected alive and placed in bottles 
labeled for each household. The bottles were kept in coolers with icepacks until the 
insects were individually transferred within a few hours of collection to vials containing 
95% ethanol. The specimens placed in ethanol were stored at room temperature at 
LENAP and transported within a week to the University of Vermont from 2012 – 2015 
during each field season, respectively. Once in the United States, the insects were stored 





DNA extraction and GBS sequencing.  We extracted the DNA from a total of 1045 T. 
dimidiata, 624 from El Carrizal and 421 from El Chaperno, prioritizing extraction of 
adults, 4th-5th instar nymphs, and 1st-3rd nymphs, in that order. DNA was extracted from 
three posterior segments of the insect’s abdomen and one surface-sterilized leg (including 
attached muscle). We also extracted the DNA from 12 isolated, surface-sterilized legs to 
build a DNA reference catalog for the vector. The DNA from the specimens was 
extracted by flash freezing the tissue in liquid nitrogen, homogenizing it with a bead-
based homogenizer and using a modified Qiagen DNeasy™ tissue extraction protocol. 
Modifications included a 12-hour Proteinase K digestion at 56°C, followed by an RNAse 
digestion at 37°C for 30 minutes using 1.0uL of 4mg/mL RNAse. DNA was quantified 
using a Qubit spectrophotometer high-sensitivity protocol, and quality of the molecular 
weight was determined by electrophoresis on a 1.5% Agarose gel stained with Sigma-
Aldrich Nancy-520™. Only specimens with a minimum yield of 900 ng of DNA and 
molecular weight above 600bp were considered suitable for sequencing. Of the original 
1014 extracted specimens, 465 met the minimal requirements for GBS sequencing, 
sequencing 258 from El Carrizal and 206 from El Chaperno. The complete list of insects 
sequenced per surveyed household is provided in the supplementary Table 3.1.   
Genotyping by sequencing (GBS) library preparation was conducted using the 
restriction enzyme PstI (6-base cutter: 5′ — CTGCAG — 3′, 3′ — GACGTC — 5′) at 
the Cornell Genomic Diversity Facility (Ithaca, NY) following the GBS protocol of 
Elshire et al. (2011). Each specimen was barcoded, and multiplexed in a 48-plex format 





the inline 5-bp barcode and 6-basePstI recognition sequences. We used FastX-trimmer in 
the FastX-toolkit to remove the barcodes and recognition sites (Gordon and Hannon et al. 
2010). The trimmed 82-bp long sequences were filtered using FastQ-quality-filter to 
remove sequences with any base having a confidence score below 10.  
Using the sequences from the 13 isolated legs, we created a T. dimidiata-specific 
catalog by running the denovo_map pipeline in Stacks (Catchen et al. 2013). The 
parameters were set to a depth of coverage of 1X, allowing three mismatches between 
loci within the same individual and three mismatches among individuals. Tags 
represented in more than six individuals were retained, yielding a catalog of 5177 tags. 
The catalog was used to created a Bowtie index against which all 465 sequenced 
specimens were mapped (Langmead 2010). Genotypes from the polymorphic loci were 
called using the Stacks ref_map pipeline independently for El Carrizal and El Chaperno 
(Catchen et al. 2013). We set the parameters for the reference mapping to a depth of 
coverage of 3X, allowing three mismatches among loci from the same individual and 
three mismatches between individuals. We excluded any locus that did not have a called 
SNP in at least 50% of the samples. After filtering, the pipeline yielded a total of 2780 
informative SNPs for El Carrizal and 2263 for El Chaperno that were assembled as 
genotypes for kinship and genetic structure analyses. 
Analysis of abundance and genetic diversity. To test temporal-dependent changes in 
house abundance among the three surveys from El Carrizal, differences in abundance of 
overall T. dimidiata, males, females, nymphs were evaluated with repeated measures 





9, SAS Institute Inc., Cary, NC). To characterize genetic diversity and structure among 
populations from each time point, the population fixation index (Fst), nucleotide diversity 
(pi), inbreeding coefficient (Fis), observed (Hetob) and expected (Hetex) heterozygosity 
were calculated using the Populations function from the Stacks software (Catchen et al. 
2013). These statistics were calculated for El Carrizal and El Chaperno separately. 
Assessing kinship among individuals within and among houses. To produce pairwise 
kinship values among individuals for each town, we calculated the Identity by Descent 
(IBD) coefficient using Maximum Likelihood Estimation (MLE) with the SNPrelate R 
package (Zheng et al. 2012). The genotype from each specimen was paired to a unique 
house identifier, which allowed for a within and among house kinship determination in 
each field season and within each town.  In the SNPrelate R package we used the 
snpgdsIBDMLE function to calculate the IBD coefficient for non-inbred individual pairs 
by ML estimate. To compare the distribution of the density curves across field season for 
both within- and among-houses, we ran a non-parametric, pairwise Kolmogorov-Smirnov 
Test (K-S test) from the R package rgr (Garrett 2013) that allowed us to test (alpha = 
0.05) whether the density curves from two independent sampling events (belonging to the 
same town) had the similar kinship patterns.   
Genetic cluster inference and geospatial analyses. Triatoma dimidiata infestation and 
abundance were obtained from the entomological surveys and mapped using individual 
GIS data layers with a UTM zone 16 NAD27 map projection in ArcGIS 10.1 (ESRI Inc., 
Redlands, CA). The complete ArcGIS database is available as supplementary Table 3.1. 





uninfested surveyed households) and infested houses was tested for spatial clustering 
using the Average Nearest Neighbor function with inverse distance weighting from the 
spatial statistics toolbox (ArcGIS, ver. 10.0, ESRI Inc.).  
To infer the genetic clustering and population assignment of the genotyped 
individuals from each town, we performed k-means clustering analysis and classified the 
individuals by a discriminant analysis of principal components (DAPC) using the 
Adegenet package for R (Jombart and Ahmed 2011). Samples with less than 5% of SNPs 
than the average were excluded from the analysis to prevent biases due to missing data. 
In total, thirteen samples were excluded from El Carrizal and 11 were excluded from El 
Chaperno. Using the remaining 245 specimens from El Carrizal and 195 specimens from 
El Chaperno, we selected the best number of genetic clusters for each town using the k-
means cluster algorithm (from the find.clusters function in Adegenet) based on the value 
of k that minimized the Bayesian Information Criterion (BIC) value. For El Carrizal we 
set the maximum number of potential principal components (PCs) to 240, retaining a total 
of 5 clusters based on the cumulative variance explained by the BIC values. We re-ran 
the analysis excluding sample CHJ484 because of its genetic isolation from the rest of the 
samples. The final DAPC was best explained with 4 clusters and CHJ 484 as an outlier. 
For El Chaperno we set the maximum number of potential PCs at 180, retaining a total of 
2 clusters, based on the cumulative variance explained by the BIC.  
Once the cluster identity was established for each specimen, the DAPC group 
assignments were converted to numeric databases and uploaded to ArcGIS 10.1 (ESRI 





field season (UTM zone 16, datum=WGS84), using the house number as the unique 
identifier. The database is available in the supplementary Table 3.1.  
To explore spatial autocorrelation among the DAPC genetic clusters, we created 
a matrix from Jaccard indices obtained from the distribution of the DAPC genetic group 
for each survey and town and combined it with the Euclidean distance among houses 
using the vegdist function from the R Vegan package (Oksanen et al. 2007). To project 
the coordinates to meters, we converted the degree coordinates to UTM projections (zone 
16, datum=WGS84) using the coordinates, proj4string, and spTransform functions from 
the linked packages rgdal and sp in R (Bivandet al. 2014, Pebesma et al. 2012). We 
tested for spatial autocorrelation with Moran’s I correlograms for each survey from both 
El Carrizal and El Chaperno using the correlog function from the ncf R package 
(Hijmans and van Etten 2014). The spatial increments were set to 25 m for El Carrizal 
and 20 m for El Chaperno (rounding up to the nearest 5th) using the Freedman-Diaconis 
rule for bin width using a histogram from the longitude distance matrix generated by the 
hist function in the R Vegan package (Oksanen et al. 2007). To assess clustering 
significance at each bin, we ran a permutations test for 100 repetitions (alpha = 0.05) 
using the resamp parameter from the correlog function. To assess the level of 
significance for each bin, we established the number of permutations under the null 
hypothesis at 100 repetitions and an alpha (p<) of 0.05 using the resamp parameter from 
the correlog function. We determined the appropriate window to observe spatial 
autocorrelation within each town by using the Ripley’s K function to establish the 





10.1 (ESRI Inc., Redlands, CA). The window was set to 580 meters for El Carrizal and 
480 meters for El Chaperno. The 95% confidence interval (CI) was calculated from the 
Moran’s I response vector using the boot.one function from the boot R package at 10,000 
bootstraps and calculating the Bias Corrected Acceleration confidence interval (BCa) for 
non-parametric functions with the boot.ci function from the boot R package (Angelo and 
Ripley 2016, Davison and Hinkley 1997).  
3.4. Results 
Temporal changes in abundance and genetic diversity. The number of house infested 
with T. dimidiata in El Carrizal declined significantly from 24% in the basal survey to 
12.4% in the intermediate (X2 (1, N=257) =5.72, p<0.016), and from the basal to 13.1% 
in the final survey (X2 (1, N=275)=7.29, p<0.006) (spatial representation in Fig 3.2A-C). 
The insecticide treatment conducted after the basal survey had a 6-month post-spray 
efficacy of 51.2%, reducing the infestation from 31 infested houses in the basal survey to 
16 in the intermediate survey, from which 7 were recurrent infested houses from the basal 
survey (Fig 3.2A&B). Eighteen months after treatment, 17 houses were found infested, 
from which 11 had been previously accounted as infested in either the basal or the 
intermediate survey (Fig 3.2B&C). No statistical differences in the number of infested 
houses were found between the intermediate and final survey. The overall T. dimidiata 
abundance decreased significantly from the basal survey in 2012 to the final survey in 
2015 (F (2, 145) = 3.31, p=0.043); however, this result is solely due to a significant 
difference in nymph abundance after the insecticide treatment (F2, 44= 4.70, p=0.0142) 





surveys (Fig 3.3). The complete list of surveyed and infested houses can be found in 
supplementary Table 3.1.  
The nucleotide diversity (Pi) significantly decreased from 0.084 in the basal 
survey to 0.071 in the intermediate survey, but recovered to 0.079 by the final survey (F 
(2, 3489) =3.90, p=0.02) (Fig 3.4). There was higher differentiation between the 
intermediate and final surveys (Fst= 0.0085), than between the basal and intermediate 
surveys (Fst=0.0057), or the basal and final surveys (Fst=0.0053) (Table 3.2). The 
observed heterozygosity (Hetob) from El Carrizal was 50 to 57% lower than the expected 
heterozygosity (Hetex) across the three time periods (Table 3.2). We found that 
populations inbreeding coefficient decreased from 0.290 to 0.154 from the basal to the 
intermediate survey, increasing to 0.204 by the final survey.  
In El Chaperno, there were 30 infested houses in 2012 and 32 in 2013, from 
which 17 houses were recurrently infested between surveys. There was no statistical 
differentiation in the number of infested houses between 21.6% in Oct. 2012 to 21.3% in 
July 2013 (Fig 3.5A&B). Furthermore, comparisons in the house-dependent abundance 
of overall T. dimidiata males, females, and nymphs between surveys showed no 
statistical significant differences between Oct. 2012 and July 2013 (Fig 3.6).  
The nucleotide diversity (Pi) in El Chaperno marginally decreased from 0.091 in 
Oct. 2012 to 0.089 in July 2013, with no significant differences between them (Fig 3.7). 
Parallel to the findings in El Carrizal, F-statistics between Oct. 2012 and July 2013 in El 
Chaperno was 0.0054 and the observed heterozygosity was 47-48% lower than the 





Kinship among individuals within and among houses.  Within-house kinship (i.e. 
pairwise relatedness) among individuals in El Carrizal differed significantly from the 
basal to the intermediate surveys (D= 0.121, p=0.00123) (Table 3.4; Fig 3.8A&B), while 
no differentiation was detected between the basal and final surveys (Fig 3.8A&C), or the 
intermediate and final surveys (Fig 3.8B&C). Kinship density shifted from a relatively 
plateaued (k=0.06-0.12) distribution in the basal survey (median k= 0.104) (Fig 3.8A), to 
a multi-modal distribution in the intermediate survey (median k= 0.091) with density 
peaks for non-related (k=0.0), distantly related (k=0.08) and highly related individuals 
(k=0.18) (Fig 3.8B). By the final survey, kinship density shifted to a right-skewed 
distribution (median k= 0.082) because of a decrease in the number of unrelated 
individuals and a predominant density of distantly related individuals (k=0.05) (Fig 
3.8C). Significant differences were found between all pairwise comparisons of among-
houses density distributions (p<0.05) (Table 3.4; Fig 3.8D-F), which were mostly driven 
by the large sample sizes of the pairwise comparisons (Table 3.4).  
In El Chaperno, we found significant differences between the Oct. 2012 and July 
2013 within-house density distributions (D= 0.209, p=0.0017) (Table 3.4; Fig 3.9A&B), 
which was driven by a shift between a multi-modal distribution in Oct. 2012 (median k= 
0.093) with distant (k=0.04), close (k=0.17), and parental (k=0.5) kinship peaks, and a 
predominantly right-skewed distribution in July 2013 (median k= 0.061) predominantly 
driven by a peak of distant kinship (k=0.04) (Fig 3.9A&B). No significant differences 





Population structure and spatial autocorrelation. We detected spatial clustering 
among all geo-referenced households (i.e. infested and not infested houses) in El 
Carrizal, (R= 0.66, z=-8.77, p <0.001). No spatial clustering was found among infested 
house in the basal survey (Fig 3.2A); however, after the insecticide application, 
significant clustering was observed among infested houses, mostly driven by the presence 
of nymphs (R= 0.831, z=-4.29, p=0.019) (Fig 3.2B). The final survey also showed 
significant clustering among infested houses driven by the presence of nymphs (R= 
0.644, z=-10.13, p<0.001) and males (R=0.813, z=-6.91, p<0.018) in the houses (Fig 
3.2C).  
The specimens from all three El Carrizal surveys (N=245) clustered into four 
genetically distinct groups (inset of Fig 3.10). The initial distribution of individuals 
among the genetic groups was of 11% in group one, 61% group two, 17% group three, 
2.5% group four, and one outlier specimen with a distinct genotype according to the 
DAPC assignment. After the insecticide treatment, genetic group four and the outlier 
were lost, resulting in a significant decrease of genetic structure from the early to the 
intermediate survey (G8, N=177=16.36, p=0.037) (spatial representation in Fig 3.10A&B). 
In the final survey 3.4% of the overall population was identified as genetic group four, 
indicating a detectable re-emergence of such group. No significant differences were 
found between the genetic structure of the basal and final surveys (spatial representation 






The number of genetic groups and individuals within each varied among 
surveys; nevertheless, the spatial distribution of the groups remained identical across time 
points (spatial representation in Fig. 3.10). Groups one and two distributed in the 
Southwest main corridor of the town, while three and four remained in the Northwest and 
Northeast outskirts of the town, respectively. Spatial autocorrelation of the genetic groups 
was detected among infested household in the basal and final surveys at a range of 362 
meters (Fig 3.11 A&B), while no spatial autocorrelation was detected in the intermediate 
survey (Fig 3.11B). Peaks of isolated clusters were detected in all three surveys (Fig 3.11, 
peaks labeled); nevertheless, the intermediate survey showed a stronger oscillation 
between peaks of genetically clustered houses (at 87, 163, 363, and 437 meters) and areas 
of dispersion (Fig 3.11B).  
 In El Chaperno, we found that the overall geo-referenced households were 
spatially clustered as well (R=0.550099, z=-12.99, p <0.001); however, no significant 
clustering was detected among infested houses in either the Oct. 2012 or the July 2013 
surveys (Fig 3.5A-B). The overall T. dimidiata population from both time points (N=195) 
was separated into two genetically distinct groups (Fig 3.12 insert). The Oct. 2012 survey 
was assembled by 39% specimens from group one, and 61% from group two (Fig 3.12A); 
while the July 2013 survey was assembled by 53% individuals from group one and 47% 
from group two (Fig 3.12B). As in El Carrizal, the spatial distribution of the genetic 
groups remained similar between time points (spatial representation in Fig 3.12), with no 
significant difference between the genetic structures from Oct. 2012 and July 2013. No 





genetic clusters were found at 30, 90 and 370 meters (Fig 3.13A).  In July 2013, we 
observed a spatial expansion of the genetic clusters resulting in a short spatial 
autocorrelation at a range of 150 meters (Fig 3.13B). 
3.5. Discussion 
The goal of this study was to evaluate the spatial and temporal patterns that 
aided the recovery of a T. dimidiata population after an insecticide treatment, and the 
effects of seasonal changes in the dispersal of the vector. By combining entomological 
survey data and genome-wide SNP makers, we could quantify the effectiveness of an 
insecticides treatment to reduce house infestation and diversity, and assess patterns of 
dispersal and breeding that ultimately lead to population recovery. 
In El Carrizal, although the insecticide treatment temporally reduced the size 
and diversity of the town’s vector population, rapid re-colonization limited the efficacy to 
less than 18 months. Although we observed residual effects in the reduction of the T. 
dimidiata abundance, we found that a single insecticide treatment was unable to cause 
lasting reduction in the number of infested houses (29% of the treated houses were 
recolonized by the end of the study) or overall genetic diversity (genetic diversity (pi) 
recovered to the original basal state). Furthermore, fast genetic recovery suggested that 
the isolated insecticide application was not effective at reducing the overall genetic pool 
or prevent admixture among genotypes within the town. Dorn et al. (2003), Ramirez et al. 
(2010) and Stevens et al. (2015) have shown that T. dimidiata populations are highly 
diverse across region and within towns, further suggesting that sporadic use of insecticide 





In contrast, absence of temporal change in El Chaperno’s abundance and genetic 
diversity suggests that, at the time of sampling, there was both within-town population 
stability and lack of external migration into the town. Since we purposely delimited our 
sampling scheme to evaluate the peak of seasonal dispersion from April to May 
(Dumonteil et al. 2004, Monroy et al. 2003), the sources of dispersers were most likely 
located within houses with high T. dimidiata infestation spilling over to nearby houses. 
Beyond the events of re-infestation driven by dispersion, our study found that a 
strong source of population recovery came from colonies breeding within houses. 
Although the pyrethroid treatment could reduce abundance, it failed to thoroughly 
eliminate specimens inside houses, which allowed surviving individuals to mate with 
other survivors and dispersers. These findings are supported by Monroy et al. (2006), 
which observed that a single insecticide treatment is likely eliminate <20% of 
domiciliated insects in a house. The decrease in the within-house kinship (i.e. pairwise 
relatedness among specimens) 6 months post-treatment followed by a recovery of 
relatedness individuals 18 months post-treatment, also supports the occlusion of within 
house mating. Remarkably, sibling/parental kinship (k=0.5) was extremely rare (<1%) 
supporting the conclusion by Melgar et al. (2007), which suggests that genetic diversity 
among domestic populations is accumulated by events of within-house polyandry (i.e. 
surviving females indiscriminately mate with dispersers and surviving males). Such 
behavior could help explain the fast diversity recovery observed in the domestic 





Further supporting the conclusions of within house breeding, >75% of the 
sampled population in all surveys of both El Carrizal and El Chaperno were comprised of 
nymphs, which indicates successful multi-generational establishment within houses. 
Although this finding could be a sampling bias given that nymphs are generally found in 
groups while adults are mostly solitary (Bustamante et al. 2009, Monroy et al. 2009, 
Zeledón et al. 1970), such behavior is an important factor to consider when implementing 
control strategies. 
The significant decrease in within-house kinship between the Oct. 2012 and July 
2013 in El Chaperno sheds light in the substantial contribution of dispersers to maintain 
the genetic diversity within domestic colonies. Lack of relatedness among individuals 
after the peak of seasonal migration supports previous studies that suggest multiple 
events of dispersion over a single season (Barbu et al. 2009, Dumonteil et al. 2004, 
Melgar, 2007, Monroy et al. 2003, Vazquez-Prokopec et al. 2004). Moreover, the 
fluctuating of relatedness among specimens within households, suggests a process of 
seasonal expansion of the genetic pool of domiciliated colonies. 
Despite the continuous dispersal into domestic ecotopes, lower observed 
heterozygosity (Heob) than expected (Heex) in both El Carrizal and El Chaperno suggests 
events of inbreeding among individuals of domiciliated colonies during periods of low 
dispersal. It is worth noting that all samples from this study were collected in the interior 
of houses, intentionally avoiding peridomestic and sylvatic ecotopes. Although previous 
studies in the region frequently report higher observed heterozygosity than expected 





study likely captured within-house inbreeding processes that are not easily divisible in 
broader, multi-niche studies. Alternatively, low observed heterozygosity could be a 
product of the type of molecular marker (i.e. SNPs) and bioinformatics parameters used 
for the analysis of the genetic data. Bi-allelic markers, such as SNPs, limit the amount of 
loci polymorphism that other makers, such as microsatellites, commonly detect (Dorn et 
al. 2003, Stevens et al. 2015). Additionally, reference mapping with a minimum of 3X 
depth of coverage could have led to allelic dropout. 
The insecticide treatment temporarily fragmented the spatial distribution of 
genetic groups in the Carrizal by means of population reduction; nevertheless, frequent 
dispersal among houses allowed for re-expansion of the genetic groups within 18 months 
post-spray. Beyond causing short-term spatial fragmentation of the insect population, the 
insecticide treatment did not affect the spatial location of the genetic groups across the 
landscape at any time-point, which suggests that dispersal frequently occurs among 
neighboring houses rather than across town. This conclusion is congruent with previous 
findings that show that T. dimidiata is a poor flier that depends on terrestrial movement 
or passive transportation, implying that dispersal is most likely among at short distances 
(Dumonteil, et al. 2004 and Monroy, et al. 2003). Furthermore, detection of highly 
localized genetic clustering across all El Carrizal surveys, re-emergence of seemingly lost 
genetic group, and lack of introduction of novel genotypes, reinforces the conclusion that 
dispersal is mostly local. 
Like El Carrizal, dispersion of genetic groups in El Chaperno was driven by 





environmental disruption (e.g. lack of insecticide intervention) allowed T. dimidiata 
populations abundance to homogenized across town; however, identification of two 
genetic groups with El Chaperno and similar spatial positioning in 2012 and 2013, 
suggests that seasonal dispersal most frequently occurs from multiple house sources to 
nearby structures. Localized dispersion is further supported by an observed shift from 
lack of spatial autocorrelation in Oct. 2012 to observable autocorrelation by July 2013, 
which indicates enough expansion and evenness of at least one genetic group to provide 
detection power. 
Our findings address one of the most limiting characteristics of chemical 
control: the inability to prevent population recovery within the treated houses after the 
residual effect of the insecticide has subsided. In Jutiapa, Guatemala, we observed that T. 
dimidiata populations disperse frequently to neighboring houses and were likely to 
follow phenological dispersal driven by temporal patterns. Furthermore, specimens that 
survive the insecticide treatment can mate with other survivors as well as dispersers, 
which, given the right biological conditions (e.g. frequent blood meals), can repopulate a 
house over a single generation. Although a frequently scheduled insecticide program, 
such as that used to eradicate R. prolixus from Central America (Hashimoto and 
Schofield 2012), could permanently reduce the diversity and abundance of T. dimidiata 
by means of population fragmentation, this research shows that the effect of sporadic 
insecticide applications is easily overcome by the ability of the residual population to 






with low-cost house improvements, and integrated pest management, can increase the 
long-term effectiveness of control by interrupting the process of house colonization 
(Gürtler and Yadon 2015, De Urioste-Stone et al. 2015, Lucero et al. 2013, Monroy et al. 
2009, Yoshioka et al. 2015, Zamora et al. 2015, Zeledón and Rojas 2006). 
Previous studies have addressed the importance to prevent dispersion from 
peridomestic and sylvatic sources after insecticide applications; however, this study is the 
first to show that insecticide survival within houses and dispersal among neighboring 
building are crucial factors to perpetuate prevalence of the vector in human households. 
In the future, broadening the scope of the study by looking at sylvatic and peridomestic 
populations at a high-spatial resolution could shed light on a wider range of sources of 
dispersers in the periphery and beyond, which could uncover new patterns of genotypic 
diversity in the region. 
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Fig 3.1. Imagery of the two study areas: El Carrizal (A) and El Chaperno (B), 
Jutiapa, Guatemala. Insert is showing the location of the Department of Jutiapa in 








Table 3.1. Study design in the towns of El Carrizal and El Chaperno in Jutiapa, Guatemala from 2012 to 2015. 








El Carrizal Feb-4-2013 129 82 Positive houses Pre-spray Basal 




El Carrizal April-29-2015 146 92 
Positive houses 





El Chaperno Oct-1-2012 183 89 No application 
End of rainy 
season 
Oct ‘12 
El Chaperno July-16-2013 193 94 
Positive houses 




*All Insecticide applications were schedule by the Ministry of Health after the surveys were 











Fig 3.2. Spatial distribution of T. dimidiata infestation in El Carrizal. Males (black), 
females (dark grey) and nymphs (light grey) were quantified across (A) a basal survey 
from February 2013, (B) an intermediate survey from January 2014, and (C) a final 




Fig 3.3. Change in house abundance of nymphs, males, and females for the town of 
El Carrizal, Jutiapa, Guatemala. The doted vertical line symbolizes the point at which 
infested houses were treated with deltamethrin according to the protocol followed by the 
Guatemalan Ministry of Health. An ANOVA with repeated measures showed a 
significant decrease (F2, 44= 4.70, p=0.0142) for nymph abundance from pre-spray to six-
month post-spray. No significant differences were observed for male or female 







Fig 3.4. Global loci variation (Pi) across 2780 T. dimidiata SNPs in El Carrizal, 
Jutiapa, Guatemala. Differences in the overall genetic diversity of El Carrizal before a 
town-wide insecticide treatment (Basal), 6 months after the treatment (Intermediate) and 
18 months after the treatment (Final). An ANOVA with post hoc Tukey test showed 
significant differences (F (2, 3489) =3.896, p=0.0215) between the early and intermediate 
survey. 
 
Table 3.2. Population genetics summary statistics from three T. dimidiata surveys 
from El Carrizal, Jutiapa, Guatemala. 
El Carrizal 
Fst Basal Intermediate Final Fis HetEx HetOb 
Basal 0 0.0057 0.0053 0.2900 0.0649 0.034 
Intermediate 
 
0 0.0085 0.1535 0.0569 0.033 
Final 
  
0 0.2044 0.0635 0.032 





where darker grey shows stronger population differentiation. Population samples 
were collected at a pre-spray survey (basal), six-month post-spray survey 




Fig 3.5. Change in house abundance of nymphs, males, and females for the town of 
El Chaperno, Jutiapa, Guatemala. There were no insecticide interventions before or 
between surveys in El Chaperno. No significant changes in the abundance of T. dimidiata 










Fig 3.6. Spatial distribution of T. dimidiata infestation in El Chaperno. Males 
(black), females (dark grey) and nymphs (light grey) were quantified during (A) the end 
of rainy season (Oct ‘12), and (B) middle of rainy season (July ’13). Symbols are sized in 




Fig 3.7. Global loci variation (Pi) across 2263 T. dimidiata SNPs in El Chaperno, 
Jutiapa, Guatemala. Overall genetic diversity of El Chaperno at the end of the end of 
rainy season (Oct ’12) and the midst of the rainy season (July ’13) is significantly 
different (F (1, 2352) =1.33, p=0.052). 
 
Table 3.3. Population genetics summary statistics for T. dimidiata at two surveyed 
time points in El Chaperno, Jutiapa, Guatemala. 
El Chaperno  
Fst Oct '12 July '13 Fis HetEx HetOb 







0 0.2937 0.0695 0.0339 
Population samples for pairwise F-statistic were collected 
at the end of the end of rainy season (Oct ’12) and the 
midst of the rainy season (July ’13). 
 
 
Fig 3.8. Kernel density distributions of genetic kinship among T. dimidiata 
individuals within and among houses in El Carrizal, Jutiapa, Guatemala. The 
density curves were individually plotted for both surveys in El Carrizal where A & D are 
from the basal survey before an insecticide treatment; B & E are from the intermediate 





the treatment. Calculations of pairwise-kinship were done using a Maximum Likelihood 
Estimation (MLE) of the Identity by Descent (IBD) between the individual genotypes.  
 
 
Fig 3.9. Kernel density distributions of genetic kinship among T. dimidiata 
individuals within and among houses in El Chaperno, Jutiapa, Guatemala. The 
density curves were individually plotted for both surveys in El Chaperno where, A & C 
are from the initial survey conducted in Oct. 2012, and B & D are from the final survey 
conducted in July 2013. Calculations of pairwise-kinship were done using a Maximum 









Table 3.4. Kolmogorov-Smirnov tests comparing the probability of distribution between the kinship density curves from 




Time point 1 N1* Time point 2 N2* 
D-
statistic 
K-S test       
p-value 
El Carrizal Among-houses Pre-spray 6205 6M Post-spray 1937 0.09 8.29E-10 
El Carrizal Among-houses Pre-spray 6205 18M Post-spray 1765 0.07 6.49E-05 
El Carrizal Among-houses 6M Post-spray 1937 18M Post-spray 1765 0.07 4.48E-04 
El Carrizal Within-houses Pre-spray 465 6M Post-spray 274 0.12 1.23E-03 
El Carrizal Within-houses Pre-spray 465 18M Post-spray 126 0.09 0.37 
El Carrizal Within-houses 6M Post-spray 274 18M Post-spray 126 0.18 0.01 
El Chaperno Among-houses Oct'12 4325 Jul'13 4656 0.02 0.23 
El Chaperno Within-houses Oct'12 140 Jul'13 195 0.21 1.66E-03 






Fig 3.5. Temporal and spatial distribution of T. dimidiata genetic clusters in infested 





depicted across three surveys, where (A) is the basal, (B) is the intermediate and (C) is 
the final survey. Insert shows the DAPC plot inferred from 2780 T. dimidiata SNPs, 
where 51.7% of the differences are explained by the first two eigenvalues. Ellipses in the 
DAPC correspond to the 95% confidence interval of the genetic clusters (inset). Circles 
in map are sized according to the proportion specimens sequenced from each house and 










Fig 3.6. Correlograms of the spatial autocorrelation inferred from the Jaccard 
pairwise distance among the genetic identity of individuals within each house in El 
Carrizal. The Moran’s I was calculated from (A) basal (3 months pre-spray), (B) 
intermediate (6 months post-spray), and (C) is the final surveyed populations (18 months 
post-spray). The spatial distance intervals for the pairwise comparisons were set at 25 
meters. The autocorrelation window was set at 560 meters as established by the 
maximum range of spatial autocorrelation among surveyed houses. Darker grey ribbons 
surrounding the trend line represent the 95% BCa confidence interval calculated from 







Fig 3.7. Temporal and spatial distribution of T. dimidiata genetic clusters in infested 





is depicted across (A) an initial survey conducted in Oct. 2012, and (B) a final survey 
conducted in July 2013. Insert shows the DAPC plot inferred from 2260 T. dimidiata 
SNPs, where 17.6% of the differences are explained by the first eigenvalue. Circles in 
map are sized according to the proportion specimens sequenced from each house and 






Fig 3.8. Correlograms of the spatial autocorrelation inferred from the Jaccard 
pairwise distance among the genetic identity of individuals within each house in El 
Carrizal. Moran’s I calculated from (A) Oct. 2012, and (B) July 2013 surveyed 
populations. The spatial distance intervals for the pairwise comparisons were set at 20 





maximum range of spatial autocorrelation among surveyed houses. Darker grey ribbons 
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Overall Conclusions and Remarks 
RADseq and GBS are versatile genomics tools that can be adapted to an array of 
studies, making them ideal for the analysis of complex biological systems. Such is the 
case of vector-borne diseases in which multiple biotic factors are related to the 
prevalence of a disease at various geographical scales. An outstanding characteristic of 
RADseq and GBS is the possibility to obtain highly specific genotypes from multiple 
specimens to analyze patterns at multiple spatial resolutions (e.g. from multi-country to 
house level). Limitations to the use of these techniques are 1) the demand for high quality 
DNA for library preparation, and 2) the capacity to create a bioinformatics pipeline that 
accommodates the complexity of the experimental design. By using RADseq and GBS 
sequencing data we could uncover community dynamics among multiple biotic factors 
associated to Chagas disease in Central America, and assess the colonization and re-
infestation patterns of T. dimidiata after seasonal and chemical disturbance in Jutiapa, 
Guatemala. 
Our first study concluded that RADseq is more sensitive than microscopy to 
detect T. cruzi, and confidently identify the lineage of seven parasite samples as TcI. Two 
other samples couldn’t be identified; however, the availability of sequence data from 
TcIV in the future will allow for confirmation the phylogeny of these samples. RADseq 
proved adequate to genetically differentiate vector populations across countries and 
regions, differentiating populations by sylvatic ancestry, high genetic diversity, and 
geographical isolation. Arguably, the most difficult computational analysis in this study 





poor identification of vertebrate taxa. We recommend following-up with PCR-base 
detection techniques that could help confirm the identity of the blood meal sources. An 
outstanding finding in this study was the statistically positive relationship between 
infection status of the insect and microbiota richness in the gut. We found that T. 
dimidiata specimens that were not infected by the parasite had a microbial profile 
associated to their local environment; however, infected insects had a profile most like 
that of other infected vectors. Following up with 16S meta-barcoding can help identify 
taxa at species level for future species association studies. 
Our second study concluded that, although insecticide has a significant temporal 
effect to reduce overall population size and diversity, a large genetic pool and ease of 
vector dispersion ultimately limits the efficacy of the chemical control. After an 
insecticide application, breeding among surviving specimens and neighboring dispersers 
drive population recovery. Additionally, seasonal dispersal allows constant introduction 
of genetic diversity among homes and repopulation of houses with low infestation 
density. Reduction of kinship after seasonal dispersal suggests cycles of in- and inter-
breeding within a house, facilitating continuous introduction of genetic diversity among 
domiciliated colonies. Our results confidently conclude that the frequent sources of 
dispersers are neighboring infested houses; however, future studies broadening the time 
of evaluation and including genotypes from peridomestic and sylvatic ecotopes, could 
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Supplementary table 1. BLAST e-values by taxonomic group  
Taxon Mean e-value SD # unique tags Max value 
Archaea 6.67E-21 1.1547E-20 3 2.00E-20 
Bacteria 1.55E-08 2.73082E-06 195,459 8.00E-04 
Chordata 4.40E-08 2.16081E-06 87,921 2.00E-04 
Insecta 1.92E-08 2.93864E-07 3,513 5.00E-06 
Fungi 8.76E-09 3.71479E-07 3,083 2.00E-05 
Nematoda 2.32E-14 4.81683E-13 431 1.00E-11 
Viruses 6.45E-20 1.35846E-18 873 4.00E-17 
 
Supplementary table 2. Bacteria BLAST retrieved sequences  
 





































































































































[Brevibacterium] flavum 0 0 0 0 0 0 25 0 0 8 0 0 0 0 0 0 0 0 0 0 
[Clostridium] sordellii 0 0 0 0 16 23 0 0 2 0 0 0 0 0 0 15 0 0 0 0 
[Eubacterium] rectale 
M104/1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
[Polyangium] brachysporum 0 0 0 0 0 1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acetobacter pasteurianus 
IFO 3283-01 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acetobacterium woodii 
DSM 1030 0 0 9 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









xylosoxidans 0 0 0 0 437 0 2 0 3 4 0 0 0 0 0 0 0 0 0 0 
Achromobacter 
xylosoxidans A8 0 0 0 0 18 2 14 0 0 3 0 0 0 0 0 0 0 0 0 0 
Achromobacter 
xylosoxidans C54 0 0 0 0 88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Achromobacter 
xylosoxidans NH44784-
1996 0 0 0 0 84 0 17 0 0 0 0 0 0 3 0 0 0 0 0 0 
Acidithiobacillus 
ferrooxidans ATCC 23270 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acidovorax avenae subsp. 
avenae ATCC 19860 0 0 16 0 0 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acidovorax citrulli AAC00-
1 4 0 0 0 0 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acidovorax ebreus TPSY 0 0 0 0 0 2 21 0 0 19 0 0 0 0 0 1 0 0 0 0 
Acidovorax sp. JS42 3 0 0 0 1 0 51 0 0 58 0 0 0 0 0 0 0 0 0 0 
Acidovorax sp. KKS102 2 0 9 0 0 1 62 0 2 0 0 0 0 0 0 0 0 26 0 0 




0 0 6 97 77 0 0 0 0 0 0 0 0 0 0 26 0 0 
Acinetobacter baumannii 
BJAB0715 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter baumannii 
LAC-4 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter baumannii 
SDF 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter baumannii 
ZW85-1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter equi 0 0 0 0 0 14 65 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter guillouiae 0 0 0 0 0 16 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter johnsonii 
XBB1 0 0 9 3 0 25 232 0 0 0 0 0 0 0 0 0 0 5 11 0 









DR1 0 0 3 0 0 61 0 0 0 0 0 0 0 0 0 0 0 11 0 0 




7 0 0 77 19 0 0 0 0 0 0 0 0 0 0 1 0 0 
Acinetobacter sp. 63A1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter sp. ADP1 0 0 0 0 0 20 34 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter sp. M-1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter sp. TTH0-4 0 0 0 0 0 25 42 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter tjernbergiae 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acinetobacter venetianus 
RAG-1 = CIP 110063 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinomadura coerulea 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinomadura cremea subsp. 
cremea 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinomyces meyeri 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinomyces naeslundii 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinomyces sp. oral taxon 
414 3 1 0 62 161 200 0 10 
35
9 0 0 0 0 0 0 0 0 0 0 0 
Actinoplanes friuliensis 




431 0 0 0 0 1,171 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinoplanes sp. N902-109 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinoplanes sp. SE50/110 4 0 0 1 54 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 
Actinosynnema mirum 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Actinosynnema mirum DSM 
43827 0 35 0 0 5 0 1 0 9 0 0 0 0 0 0 0 0 0 0 0 
Actinotignum schaalii 0 0 0 0 126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adlercreutzia equolifaciens 
DSM 19450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Advenella 








Aeromicrobium erythreum 0 26 3 0 56 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Aeromonas 
allosaccharophila 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas caviae 0 0 2 0 0 0 14,008 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas diversa 0 0 0 0 0 0 47 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas hydrophila 0 58 32 12 14 19 
2,513,85
8 0 0 72 0 12 0 0 0 0 2 122 11 6 
Aeromonas hydrophila 
4AK4 0 0 0 0 0 0 6,994 0 0 1 0 0 0 0 0 0 0 0 0 0 
Aeromonas hydrophila NJ-
35 0 0 0 0 0 0 10,534 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas hydrophila 
subsp. hydrophila ATCC 
7966 0 25 0 1 0 3 313,400 0 0 1 14 0 0 0 0 0 0 0 0 0 
Aeromonas hydrophila 
YL17 0 1 0 0 0 6 195,044 0 0 0 0 4 0 2 0 0 0 3 0 0 
Aeromonas media 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas media WS 0 0 0 0 0 1 10,196 0 0 0 0 0 0 0 0 0 0 2 0 0 
Aeromonas salmonicida 
subsp. salmonicida A449 0 0 0 0 0 0 8,798 0 0 0 0 0 0 0 0 0 0 1 0 0 
Aeromonas schubertii 0 0 0 0 13 0 5,703 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sobria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 
Aeromonas sp. PDCDC-17 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. PDCDC-20 0 0 0 0 0 0 4,846 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. SHGW-23 0 0 0 0 0 0 2,563 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. SHGW-28 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. SHGW-30 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. SHGW-40 0 0 0 0 0 0 5,686 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. SHGW-66 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aeromonas sp. Y62 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 








Afipia genosp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Afipia sp. SP17 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrobacterium fabrum str. 
C58 11 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrobacterium radiobacter 
K84 45 0 0 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 
Agrobacterium sp. H13-3 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrobacterium tumefaciens 10 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrobacterium vitis S4 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agromyces sp. VKM Ac-
1802 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Alcaligenes faecalis 1 7 26 3 11 12 
1,057,38
3 0 6 
1,47
4 1 2 2 0 0 0 2 50 1 23 
Alcanivorax dieselolei B5 0 0 0 0 0 1 0 0 6 0 0 0 0 0 0 0 0 0 0 0 
Alicycliphilus denitrificans 
BC 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alicycliphilus denitrificans 
K601 4 2 0 0 0 0 38 3 77 0 0 0 0 0 0 0 0 0 0 0 
Alicyclobacillus 
acidocaldarius subsp. 
acidocaldarius DSM 446 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alistipes finegoldii DSM 
17242 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alistipes shahii WAL 8301 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alkalilimnicola ehrlichii 
MLHE-1 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alloactinosynnema sp. L-07 0 42 0 0 190 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Altererythrobacter atlanticus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Altererythrobacter 
epoxidivorans 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Altererythrobacter marensis 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









UM4b 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphibacillus xylanus 
NBRC 15112 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 
Amycolatopsis japonica 0 8 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis lurida NRRL 
2430 0 23 0 1 31 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis mediterranei 
RB 0 70 8 8 11 0 0 1 34 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis methanolica 
239 0 13 17 0 263 0 5 0 0 0 0 3 0 0 0 0 0 0 0 0 
Amycolatopsis orientalis 
HCCB10007 0 32 0 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis pretoriensis 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis samaneae 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amycolatopsis sulphurea 0 0 0 0 318 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amycolicicoccus subflavus 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Archangium gephyra 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arcobacter butzleri 7h1h 0 0 0 0 0 346 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aromatoleum aromaticum 
EbN1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arsenicicoccus sp. oral 
taxon 190 0 18 0 0 488 76 0 0 0 2 0 0 0 0 0 0 0 0 19 0 
Arthrobacter alpinus 0 3 0 0 984 2 0 1 6 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. 
11W110_air 0 0 0 85 1,571 0 0 2 
46
8 6 0 1 0 0 0 0 0 0 0 0 
Arthrobacter sp. A3 0 0 0 25 249 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. ATCC 
21022 0 5 0 58 643 1 0 3 64 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. ERGS1:01 0 0 0 5 3,565 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. FB24 0 13 0 0 2,204 0 0 0 
11








Arthrobacter sp. Hiyo4 0 3 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. Hiyo8 0 4 0 0 95 0 8 0 11 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. IHBB 
11108 0 4 0 105 697 0 0 7 
55
6 0 0 0 0 0 0 1 0 0 0 0 
Arthrobacter sp. LS16 0 0 0 0 46 66 39 0 0 13 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. PAMC 
25486 0 0 0 60 10 90 7 0 
19
5 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. Rue61a 0 88 0 0 436 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Arthrobacter sp. YC-RL1 0 9 0 257 823 250 351 17 
87
5 237 0 0 0 0 0 0 0 0 0 0 
Aurantimonas 
manganoxydans SI85-9A1 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Aureimonas altamirensis 19 0 0 0 0 0 0 0 2 13 0 0 0 0 0 0 0 0 0 0 
Aureimonas frigidaquae 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aureimonas sp. AU20 16 37 0 22 274 5 46 1 80 0 0 0 0 0 0 1 0 0 0 0 
Azoarcus sp. BH72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Azoarcus sp. CIB 0 0 13 0 0 1 35 0 0 0 0 0 0 0 0 0 0 0 0 0 
Azorhizobium caulinodans 
ORS 571 17 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Azospirillum brasilense 0 0 0 0 6 0 12 4 0 0 0 0 0 0 0 0 0 0 0 0 
Azospirillum brasilense 
Sp245 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 
Azospirillum lipoferum 4B 0 0 0 0 9 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Azospirillum sp. B510 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Azospirillum thiophilum 35 0 0 0 4 0 0 0 12 0 0 0 0 1 0 0 0 0 0 0 
Azotobacter chroococcum 
NCIMB 8003 3 0 0 0 14 0 0 0 12 5 0 0 0 0 0 0 0 0 0 0 
Azotobacter vinelandii CA6 0 0 0 0 496 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillaceae bacterium P204 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








Bacillus bombysepticus str. 
Wang 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Bacillus cereus 0 
17
5 72 113 142 3 2 0 0 98 65 5 27 14 0 0 6 27 46 40 
Bacillus cereus 03BB108 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus cereus ATCC 
14579 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 
Bacillus cereus ATCC 4342 0 52 0 15 13 0 0 0 0 1 0 0 0 0 0 0 22 0 3 0 
Bacillus cereus B4264 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
Bacillus cereus biovar 
anthracis str. CI 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus cereus D17 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus cereus G9842 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 
Bacillus clausii 0 0 0 0 0 0 33 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus cytotoxicus NVH 
391-98 0 0 0 3 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus endophyticus 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Bacillus iranensis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus licheniformis WX-
02 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus megaterium NBRC 
15308 = ATCC 14581 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus megaterium Q3 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Bacillus methanolicus 
MGA3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus pumilus 0 0 0 0 0 1 0 0 13 0 0 0 0 0 0 0 0 0 0 0 
Bacillus pumilus SAFR-032 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 
Bacillus sp. BH072 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Bacillus sp. OxB-1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus sp. WP8 1 0 0 0 0 0 0 0 53 0 0 0 0 0 0 0 0 0 0 0 








Bacillus thuringiensis 0 0 4 14 0 1 7 0 0 1 28 0 0 1 0 0 0 10 0 36 
Bacillus thuringiensis MC28 0 0 0 0 43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillus thuringiensis 
serovar indiana 0 0 0 0 11 0 1 0 0 0 0 0 0 8 0 0 0 15 26 0 
Bacillus thuringiensis 
serovar morrisoni 0 0 0 0 25 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
Bacillus thuringiensis 
serovar tolworthi 0 0 0 10 9 0 0 0 0 5 14 0 2 0 0 0 1 42 3 0 
Bacillus thuringiensis YBT-
1518 0 0 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 
Bacillus toyonensis BCT-
7112 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
bacterium enrichment 
culture clone pWThLOV 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacteroidales bacterium CF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Bacteroides dorei 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Bacteroides 
thetaiotaomicron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Bartonella clarridgeiae 73 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Beutenbergia cavernae DSM 
12333 0 0 0 0 815 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium 
actinocoloniiforme DSM 
22766 0 0 0 0 39 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium 
adolescentis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Bifidobacterium angulatum 
DSM 20098 = JCM 7096 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium animalis 
subsp. animalis ATCC 
25527 0 0 0 0 185 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium asteroides 
PRL2011 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








Bifidobacterium breve 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium 
catenulatum DSM 16992 = 
JCM 1194 = LMG 11043 0 0 0 0 35 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium dentium 
JCM 1195 = DSM 20436 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium longum 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium longum 
subsp. longum 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium 
pseudocatenulatum DSM 
20438 = JCM 1200 = LMG 
10505 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium 
pseudolongum PV8-2 0 0 0 0 501 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacterium scardovii 
JCM 12489 = DSM 13734 0 12 0 0 321 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Blastochloris viridis 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Blastococcus saxobsidens 
DD2 0 25 1 0 0 1 0 3 
31
2 0 0 0 0 0 0 0 0 0 0 0 
Blattabacterium sp. 
(Periplaneta americana) str. 
BPLAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Blautia obeum A2-162 0 0 0 23 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Bordetella avium 197N 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bordetella bronchiseptica 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bordetella hinzii 5 2 0 0 0 0 0 0 2 11 0 0 0 0 0 0 0 0 0 0 
Bordetella pertussis 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bordetella petrii 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bordetella sp. N 7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Borrelia crocidurae DOU 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








Bosea massiliensis 63287 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brachybacterium faecium 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brachybacterium faecium 
DSM 4810 1 
50
1 2 136 
13,47
9 9 10 2 
21
5 0 0 1 0 0 0 2 0 0 0 0 
Brachybacterium sp. LB25 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bradyrhizobium 
diazoefficiens 65 0 0 0 0 0 0 0 3 20 0 0 0 0 0 3 2 0 0 0 
Bradyrhizobium 
diazoefficiens USDA 110 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Bradyrhizobium japonicum 34 0 9 0 7 2 0 2 4 0 0 0 0 0 0 0 9 0 0 0 
Bradyrhizobium japonicum 
SEMIA 5079 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 
Bradyrhizobium 
oligotrophicum S58 40 0 0 0 6 0 0 2 5 0 0 0 0 0 2 1 0 0 0 0 
Bradyrhizobium sp. BTAi1 54 6 0 0 2 3 0 8 3 0 0 3 21 0 0 1 0 39 0 10 
Bradyrhizobium sp. CCBAU 
23385 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bradyrhizobium sp. CCGE-
LA001 38 0 0 0 0 1 31 0 3 0 4 0 0 0 0 0 0 3 0 0 
Bradyrhizobium sp. dxlb6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bradyrhizobium sp. ORS 
278 9 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bradyrhizobium sp. S23321 61 0 0 0 0 0 0 3 0 12 2 0 0 0 0 0 0 0 0 0 
Brevibacillus brevis NBRC 
100599 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Brevibacterium iodinum 0 0 0 138 0 0 0 4 
45
1 0 0 0 0 0 0 0 0 0 0 0 
Brevibacterium linens 0 0 0 0 969 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevibacterium sp. MCCC 
1A11237 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevundimonas sp. DS20 
1,32
1 0 0 0 1 26 2 71 
14









subvibrioides ATCC 15264 138 0 2 0 0 2 0 2 10 0 0 0 0 0 2 3 0 26 0 0 
Brucella ceti TE28753-12 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brucella suis 019 21 0 13 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Brucella vulpis 0 0 0 0 1 1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia ambifaria 
MC40-6 0 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cenocepacia 0 27 0 0 15 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cenocepacia 
HI2424 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cenocepacia 
MC0-3 0 0 0 0 65 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cepacia 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cepacia ATCC 
25416 4 0 0 0 111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cepacia GG4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia cepacia JBK9 0 0 0 0 4 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia contaminans 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia fungorum 0 0 0 0 0 0 218 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia gladioli 0 0 0 0 13 2 0 0 37 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia gladioli BSR3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia glumae LMG 
2196 = ATCC 33617 0 0 0 0 3 0 2 0 0 13 0 0 0 0 0 0 0 0 0 0 
Burkholderia glumae PG1 0 0 0 0 253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia multivorans 
ATCC 17616 0 0 0 0 37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia multivorans 
ATCC BAA-247 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia plantarii 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









MSHR1153 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia pyrrocinia 0 0 0 0 644 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. Bp5365 6 0 0 0 42 0 0 0 38 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. CCGE1002 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. CCGE1003 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. HB1 3 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. RPE64 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia sp. RPE67 6 0 0 0 0 0 6 0 1 0 0 0 0 0 0 0 0 0 0 0 
Burkholderia thailandensis 
34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Burkholderia vietnamiensis 
LMG 10929 0 17 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Butyrivibrio proteoclasticus 
B316 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Campylobacter fetus subsp. 
testudinum Sp3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Candidatus Baumannia 
cicadellinicola 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Candidatus Caedibacter 
acanthamoebae 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Candidatus Nasuia 
deltocephalinicola str. NAS-
ALF 0 0 0 0 88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Candidatus Paraburkholderia 
petitii 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Candidatus Saccharibacteria 
oral taxon TM7x 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Candidatus Solibacter 
usitatus Ellin6076 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Candidatus Sulfuricurvum 









subsp. gilichinskyi 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Castellaniella defragrans 
65Phen 0 2 0 0 1 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 
Catenulispora acidiphila 
DSM 44928 7 2 0 15 283 1 0 0 29 0 21 0 0 0 0 0 0 0 0 0 
Caulobacter crescentus 
NA1000 49 0 0 0 0 0 0 2 6 0 0 0 0 0 0 0 0 0 
22
9 0 
Caulobacter henricii 26 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 
Caulobacter segnis ATCC 
21756 33 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 
Caulobacter sp. K31 61 0 0 0 0 0 0 1 12 0 0 0 0 0 0 0 0 0 0 0 
Cedecea neteri 0 0 0 0 0 16 5 1 0 0 0 0 0 0 0 0 0 0 0 13 
Celeribacter indicus 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Cellulomonas fimi ATCC 
484 0 8 1 2 123 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Cellulomonas flavigena 
DSM 20109 0 58 0 12 408 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 
Cellulomonas gilvus ATCC 
13127 0 13 2 38 1,655 2 1 1 
16
3 0 0 0 0 0 0 0 0 0 0 0 
Chelatococcus sp. CO-6 135 0 17 0 19 0 0 4 10 0 0 0 0 22 0 0 0 0 0 0 
Chitiniphilus shinanonensis 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chlamydia pecorum W73 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chlorobaculum parvum 
NCIB 8327 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromobacterium 
violaceum ATCC 12472 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chryseobacterium 
gallinarum 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chryseobacterium sp. IHB B 
17019 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chryseobacterium sp. 









Y19 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Citrobacter freundii 0 16 0 0 0 4 20 0 2 24 0 0 0 0 0 0 0 78 0 0 
Citrobacter freundii 
CFNIH1 1 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 0 
Citrobacter koseri 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Citrobacter rodentium 
ICC168 0 33 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Citrobacter sp. 36-4CPA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Citromicrobium sp. JL477 28 0 0 0 0 0 0 2 2 0 0 0 0 0 0 4 0 0 0 0 
Clavibacter michiganensis 2 35 3 0 100 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
Clavibacter michiganensis 
subsp. insidiosus 0 7 0 2 723 0 10 0 17 0 0 0 0 0 0 0 0 0 0 0 
Clavibacter michiganensis 
subsp. michiganensis 
NCPPB 382 0 0 0 0 158 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Clavibacter michiganensis 
subsp. nebraskensis NCPPB 
2581 0 0 0 0 1,487 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clavibacter michiganensis 
subsp. sepedonicus 0 0 0 0 1,611 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clostridium aceticum 0 0 0 0 0 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 
Clostridium 
autoethanogenum DSM 
10061 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Clostridium botulinum 
CDC_1436 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18
3 0 0 0 0 0 
Clostridium perfringens 
SM101 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Collimonas fungivorans 
Ter331 0 0 8 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Colwellia sp. MT41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 0 0 









CNB-2 0 0 0 0 0 4 220 0 0 0 0 0 0 0 0 0 0 26 0 0 
Comamonas testosteroni 
P19 0 3 10 0 0 10 919 2 0 0 0 0 0 0 0 0 0 0 0 0 
Comamonas testosteroni 
TK102 0 0 0 0 13 5 646 0 0 4 0 0 0 0 0 0 0 15 0 0 
Conexibacter woesei DSM 
14684 0 2 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corallococcus coralloides 
DSM 2259 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coriobacteriaceae bacterium 
68-1-3 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 
Corynebacteriales bacterium 
X1036 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium atypicum 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
aurimucosum ATCC 700975 0 0 0 0 208 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
camporealensis 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium casei 
LMG S-19264 0 0 0 12 0 1 58 0 0 0 0 0 0 0 0 22 0 0 0 0 
Corynebacterium deserti 
GIMN1.010 0 0 0 4 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
doosanense CAU 212 = 
DSM 45436 0 0 0 0 180 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium efficiens 
YS-314 0 0 0 4 22 0 0 2 75 0 0 0 0 6 0 0 0 0 0 0 
Corynebacterium 
epidermidicanis 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium falsenii 
DSM 44353 0 0 0 0 16 2 11 0 16 0 0 0 0 0 0 0 0 1 0 0 
Corynebacterium 









glutamicum MB001 0 0 0 0 0 0 4 0 0 18 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
glutamicum SCgG2 0 0 0 0 0 0 0 0 0 38 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
glyciniphilum AJ 3170 0 26 0 0 427 0 0 0 38 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
halotolerans YIM 70093 = 
DSM 44683 0 1 0 0 265 3 0 2 
20
1 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
humireducens NBRC 
106098 = DSM 45392 0 0 0 1 24 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 
Corynebacterium jeikeium 0 0 0 0 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
kroppenstedtii DSM 44385 0 0 0 0 364 1 0 0 9 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium lactis 
RW2-5 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium marinum 
DSM 44953 0 0 0 0 940 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium maris 
DSM 45190 5 0 0 0 56 0 1 1 9 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
pseudodiphtheriticum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium riegelii 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Corynebacterium singulare 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium sp. 0 0 0 0 117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium sp. ATCC 
6931 0 0 0 0 0 0 0 0 36 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium sp. L2-79-
05 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
terpenotabidum Y-11 0 0 0 0 104 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 









urealyticum DSM 7111 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium 
ureicelerivorans 0 0 0 0 2,383 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium uropygiale 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium uterequi 2 0 0 0 9 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 
Corynebacterium variabile 
DSM 44702 0 1 0 0 72 2 0 0 70 0 0 0 0 0 0 0 0 2 0 0 
Corynebacterium 
vitaeruminis DSM 20294 0 3 0 0 15 0 0 0 13 0 0 0 0 0 0 3 0 0 0 0 
Croceicoccus naphthovorans 7 0 0 1 1,022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter condimenti 
1330 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter dublinensis 
subsp. dublinensis LMG 
23823 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter malonaticus 
LMG 23826 0 1 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter muytjensii 
ATCC 51329 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter sakazakii 0 27 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter sakazakii ES15 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cronobacter universalis 
NCTC 9529 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cupriavidus basilensis 59 0 0 0 0 0 0 2 5 0 0 0 0 0 0 0 0 11 0 0 
Cupriavidus gilardii CR3 11 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 
Cupriavidus metallidurans 
CH34 61 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Cupriavidus necator N-1 26 0 0 0 0 68 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cupriavidus taiwanensis 
LMG 19424 9 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 
Curtobacterium sp. 









symbiont of Hydra 
magnipapillata 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dechloromonas aromatica 
RCB 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 
Dechlorosoma suillum PS 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Defluviitoga tunisiensis 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Deinococcus actinosclerus 0 0 0 0 14 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Deinococcus proteolyticus 
MRP 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Delftia acidovorans SPH-1 6 0 0 0 4 0 47 0 0 0 0 0 0 0 0 0 0 0 0 0 
Delftia sp. Cs1-4 4 0 5 0 0 2 286 0 2 0 0 0 9 0 0 0 0 0 0 0 
Dermacoccus 
nishinomiyaensis 0 4 0 103 521 4 0 3 
45
8 0 0 0 0 0 0 0 0 0 0 0 
Desulfarculus baarsii DSM 
2075 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfobulbus propionicus 
DSM 2032 0 0 0 0 0 0 37 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfococcus oleovorans 
Hxd3 0 0 0 0 0 0 0 0 
21
8 0 0 0 0 0 0 0 0 0 0 0 
Desulfomonile tiedjei DSM 
6799 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfotomaculum 
acetoxidans DSM 771 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfotomaculum 
kuznetsovii DSM 6115 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfotomaculum reducens 
MI-1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfovibrio gigas DSM 
1382 = ATCC 19364 0 0 0 0 0 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfovibrio piezophilus 
C1TLV30 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfovibrio vulgaris 








Desulfovibrio vulgaris str. 
'Miyazaki F' 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfuromonas sp. WTL 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Devosia sp. A16 4 0 0 82 0 0 6 0 4 0 0 0 0 0 0 0 0 0 0 0 
Devosia sp. H5989 15 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 
Devriesea agamarum 0 36 0 14 14 2 0 0 7 0 14 0 0 0 0 0 0 0 0 0 
Dinoroseobacter shibae DFL 
12 = DSM 16493 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dyadobacter fermentans 
DSM 18053 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 
Dyella japonica A8 0 25 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
Dyella jiangningensis 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 2 0 0 0 0 
Edwardsiella piscicida C07-
087 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 10 0 0 
Edwardsiella tarda 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 
endosymbiont of 
unidentified scaly snail 
isolate Monju 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Ensifer adhaerens OV14 19 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter aerogenes 0 4 
25
6 48 3 6 0 1 0 1 1 1 3 23 0 0 8 9 1 3 
Enterobacter aerogenes 
EA1509E 0 33 
10
8 6 0 2 2 0 0 0 0 0 0 7 0 0 4 0 13 0 
Enterobacter aerogenes 
KCTC 2190 0 0 10 2 9 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 
Enterobacter asburiae 31 49 4 18 0 42 13 10 2 144 7 0 9 10 0 3 1 
8,11
3 0 0 
Enterobacter asburiae L1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 18 0 0 
Enterobacter asburiae LF7a 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter cancerogenus 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 









EcWSU1 0 1 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter cloacae P101 0 3 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter cloacae subsp. 
cloacae ATCC 13047 0 0 0 0 28 0 6 0 0 0 0 0 0 0 0 0 0 2 0 0 
Enterobacter cloacae subsp. 
cloacae ENHKU01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 
Enterobacter cloacae subsp. 
cloacae NCTC 9394 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter cloacae subsp. 
dissolvens SDM 0 3 0 0 0 19 0 1 0 0 0 0 0 0 0 0 0 82 0 0 
Enterobacter sp. 638 0 0 0 0 0 2 0 0 5 0 0 0 0 0 0 0 0 0 0 0 
Enterobacter sp. CN1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 74 0 0 
Enterobacter sp. E20 6 17 0 0 0 13 1 0 0 1 0 0 0 0 0 1 0 280 0 6 
Enterobacter sp. R4-368 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 9 0 0 
Enterobacteriaceae 
bacterium strain FGI 57 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 6 0 0 
Enterococcus avium ATCC 
14025 0 0 0 0 0 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus casseliflavus 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 
Enterococcus casseliflavus 
EC20 0 0 0 0 0 10 0 0 0 308 0 0 0 0 0 0 0 0 0 0 
Enterococcus cecorum 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus durans 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus faecalis 0 0 0 497 0 90 0 0 0 0 0 0 15 0 0 7 0 0 0 0 
Enterococcus faecalis ATCC 
29212 0 0 0 
1,39
2 3 256 1 0 0 0 0 0 20 2 0 17 0 0 0 0 
Enterococcus faecalis D32 0 0 0 182 0 13 0 0 0 0 0 0 0 0 0 5 0 0 0 0 
Enterococcus faecalis 
DENG1 0 0 0 316 0 43 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Enterococcus faecalis 








Enterococcus faecalis str. 
Symbioflor 1 0 0 0 303 0 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus faecalis V583 0 0 0 0 0 21 0 0 0 4 0 0 0 0 0 4 0 0 0 0 
Enterococcus faecium 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus mundtii QU 
25 0 0 0 0 0 15 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
Enterococcus pseudoavium 0 0 0 0 0 54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus rotai 0 0 0 0 0 0 223 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus sp. 7L76 0 0 0 174 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterococcus sulfureus 
ATCC 49903 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erwinia amylovora ATCC 
BAA-2158 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erwinia amylovora 
CFBP1430 0 0 0 0 0 0 33 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erwinia billingiae Eb661 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erwinia gerundensis 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erythrobacter litoralis 
HTCC2594 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erythrobacter sp. s21-N3 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Escherichia albertii 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 7 0 0 
Escherichia coli 4 23 0 0 2 1 1 0 0 0 0 0 0 0 
34
5 0 1 28 0 0 
Escherichia coli SE11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Escherichia coli str. K-12 
substr. MG1655 0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 6 0 0 0 0 
Escherichia fergusonii 
ATCC 35469 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exiguobacterium sp. MH3 0 0 0 0 0 1 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
Faecalibacterium prausnitzii 
SL3/3 0 0 0 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









Gsoil 348 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flexithrix dorotheae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20
7 0 0 0 0 0 
Fluoribacter dumoffii 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Francisella guangzhouensis 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Francisella tularensis 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Frankia alni ACN14a 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Frankia sp. CcI3 0 14 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Frankia sp. EAN1pec 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Frankia sp. EuI1c 0 24 0 0 2 2 0 1 
28
8 0 0 0 0 0 0 0 0 0 0 0 
Frankia symbiont of Datisca 
glomerata 0 0 0 0 18 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 
Frateuria aurantia DSM 
6220 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
gamma proteobacterium 
symbiont of Plautia stali 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gemmatirosa 
kalamazoonesis 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geoalkalibacter subterraneus 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geobacillus sp. JF8 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geobacillus sp. WCH70 0 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geobacter metallireducens 
GS-15 4 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Geobacter sp. M21 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geodermatophilus obscurus 
DSM 43160 0 14 0 0 58 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Gloeobacter kilaueensis JS1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Gloeobacter violaceus PCC 
7421 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
19









621H 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Glutamicibacter arilaitensis 0 0 0 0 2,813 44 28 3 
25
5 60 0 0 0 0 0 0 0 0 0 0 
Glutamicibacter arilaitensis 
Re117 2 0 0 0 14 105 49 6 20 9 0 0 0 0 0 0 0 0 0 0 
Glutamicibacter nicotianae 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gordonia amarae 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gordonia bronchialis DSM 
43247 6 9 0 0 5 0 0 
10
8 3 0 0 0 0 0 0 0 0 0 0 0 
Gordonia 
polyisoprenivorans VH2 0 16 0 0 392 0 0 2 65 0 0 0 0 0 0 0 0 0 0 0 
Gordonia sp. KTR9 0 4 0 0 3 0 0 
13
6 2 1 0 0 0 0 0 0 0 0 0 0 
Gordonia sp. QH-11 0 44 0 11 3 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Gordonibacter pamelaeae 7-
10-1-b 0 27 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haemophilus influenzae Rd 
KW20 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hafnia alvei FB1 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haliscomenobacter 
hydrossis DSM 1100 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Halomonas 
chromatireducens 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halomonas elongata DSM 
2581 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Halomonas huangheensis 0 0 0 0 293 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halomonas sp. KO116 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halorhodospira halochloris 
str. A 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Herbaspirillum hiltneri N3 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Herbaspirillum 








Herbaspirillum seropedicae 0 1 7 0 71 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 
Hoeflea sp. IMCC20628 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Hymenobacter sp. APR13 0 0 8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Hymenobacter sp. DG5B 0 0 91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hymenobacter swuensis 
DY53 0 0 14 0 0 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 
Hyphomicrobium 
denitrificans ATCC 51888 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hyphomicrobium sp. MC1 0 2 0 0 36 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Hyphomonas neptunium 
ATCC 15444 0 0 0 0 559 0 0 3 74 0 0 0 0 0 0 0 0 0 0 0 
Idiomarina loihiensis GSL 
199 0 2 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 
Ilyobacter polytropus DSM 
2926 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Intrasporangium calvum 
DSM 43043 0 3 0 0 3 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Isoptericola variabilis 225 0 4 9 43 1,432 4 0 1 2 0 0 0 0 0 0 1 0 0 0 0 
Janthinobacterium 
agaricidamnosum NBRC 
102515 = DSM 9628 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kibdelosporangium 
phytohabitans 0 91 0 80 209 0 0 0 
13
7 0 0 0 0 0 0 0 0 0 0 0 
Kibdelosporangium sp. 
MJ126-NF4 0 14 0 0 7 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Kineococcus radiotolerans 
SRS30216 = ATCC BAA-
149 0 52 0 122 31 0 0 6 
31
5 0 0 0 0 0 0 0 0 0 0 0 
Kingella kingae 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kitasatospora setae KM-
6054 0 12 0 0 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 
Klebsiella michiganensis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








Klebsiella pneumoniae 0 37 4 0 0 7 17 0 0 0 3 0 0 0 0 0 0 18 0 0 
Klebsiella pneumoniae 
subsp. pneumoniae 1 17 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 160 8 0 
Klebsiella sp. G5 0 33 0 0 0 11 0 0 0 0 0 0 0 0 0 0 6 0 0 0 
Klebsiella variicola 0 0 0 0 0 9 0 0 0 0 0 0 1 0 0 0 0 95 0 0 
Kluyvera intermedia 0 43 0 1 0 17 349 0 0 0 0 0 0 0 0 0 0 28 0 0 
Kocuria flava 1 39 9 1 4,265 10 0 2 
24
2 0 0 0 4 0 0 4 0 0 0 0 
Kocuria palustris 1 9 0 0 7,575 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Kocuria rhizophila DC2201 0 0 0 27 830 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 
Kosakonia sacchari SP1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 13 0 0 
Kribbella flavida DSM 
17836 1 65 0 0 73 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Kurthia sp. 11kri321 0 0 0 0 0 5 0 0 0 7 0 0 1 1 0 0 0 0 0 0 
Kutzneria albida 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kutzneria albida DSM 
43870 0 26 0 0 973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kytococcus sedentarius 
DSM 20547 0 50 0 118 203 0 0 17 
79
5 0 0 0 0 0 0 0 0 0 0 0 
Lactobacillus casei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Lactobacillus casei 12A 0 0 0 62 0 3 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Lactobacillus casei str. 
Zhang 0 0 0 61 0 74 0 0 0 0 0 0 0 0 0 216 0 0 0 0 
Lactobacillus casei subsp. 
casei ATCC 393 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 158 0 0 0 0 
Lactobacillus casei W56 0 0 0 243 0 34 0 0 0 0 0 0 0 0 0 495 0 0 0 0 
Lactobacillus crispatus ST1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lactobacillus delbrueckii 
subsp. bulgaricus ND02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Lactobacillus 








Lactobacillus mucosae LM1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




3 0 0 0 0 0 0 0 0 0 
5,94
0 0 0 0 0 
Lactobacillus paracasei 
ATCC 334 0 0 0 36 0 40 0 0 0 0 0 0 0 0 0 183 0 0 0 0 
Lactobacillus paracasei 
N1115 0 0 0 86 0 1 0 0 0 0 0 0 0 0 0 209 0 0 0 0 
Lactobacillus paracasei 
subsp. paracasei JCM 8130 0 0 0 29 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Lactobacillus rhamnosus Lc 
705 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Lactobacillus salivarius str. 
Ren 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Lactococcus lactis 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lactococcus lactis subsp. 
lactis 0 0 0 5 0 1 0 0 0 0 0 0 2 0 0 0 0 12 0 0 
Leclercia adecarboxylata 0 86 1 20 3 149 0 0 5 16 0 0 0 0 0 0 0 3 0 0 
Leifsonia xyli subsp. 
cynodontis DSM 46306 0 0 0 0 314 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leifsonia xyli subsp. xyli 
str. CTCB07 0 0 0 0 139 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leisingera 
methylohalidivorans DSM 
14336 8 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lentibacillus 
amyloliquefaciens 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolyngbya sp. O-77 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Leptospirillum sp. Group II 
'CF-1' 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptothrix cholodnii SP-6 0 0 0 0 0 0 1 0 0 0 0 0 0 0 4 0 0 0 0 0 
Limnohabitans sp. 103DPR2 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnohabitans sp. 63ED37-








Listeria ivanovii subsp. 
londoniensis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Listeria monocytogenes 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Luteipulveratus 
mongoliensis 0 25 0 0 17 85 0 5 23 0 0 0 13 0 0 0 0 0 0 0 
Lysinibacillus sphaericus 
C3-41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 
Lysobacter antibioticus 2 0 0 0 1 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lysobacter capsici 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lysobacter enzymogenes 0 0 0 0 20 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lysobacter gummosus 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magnetococcus marinus 
MC-1 74 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Magnetospirillum 
gryphiswaldense MSR-1 v2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magnetospirillum 
magneticum AMB-1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maribacter sp. HTCC2170 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Maricaulis maris MCS10 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marichromatium 
purpuratum 984 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marinobacter 
hydrocarbonoclasticus VT8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marivirga tractuosa DSM 
4126 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 
Martelella endophytica 19 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Massilia sp. NR 4-1 8 0 7 0 0 3 0 5 2 0 0 0 0 0 0 0 0 0 0 0 
Massilia sp. WG5 1 1 61 0 0 1 68 3 0 2 0 0 0 0 4 0 0 0 0 0 
Meiothermus silvanus DSM 
9946 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Mesorhizobium australicum 








Mesorhizobium ciceri biovar 
biserrulae WSM1271 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Mesorhizobium huakuii 
7653R 5 1 0 0 0 0 38 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesorhizobium loti 
MAFF303099 29 0 8 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Mesorhizobium 
opportunistum WSM2075 32 10 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Methylibium petroleiphilum 
PM1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium 
aquaticum 9 0 0 0 0 1 0 0 8 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium 
extorquens AM1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium 
extorquens CM4 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium 
extorquens DM4 1 0 2 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium nodulans 
ORS 2060 17 0 0 0 1,801 0 32 0 4 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium oryzae 
CBMB20 11 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium populi 
BJ001 6 7 0 8 10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Methylobacterium 
radiotolerans JCM 2831 0 0 40 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium sp. 4-46 4 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacterium sp. 
AMS5 23 0 2 0 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Methyloceanibacter 
caenitepidi 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylocella silvestris BL2 39 1 0 0 0 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 
Methylococcus capsulatus 








Methylocystis sp. SC2 13 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylovorus sp. MP688 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium 
ammoniaphilum 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium 
dextranolyticum 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium sp. CGR1 9 0 0 0 113 3 1 0 5 0 0 0 0 0 0 1 0 0 0 0 
Microbacterium sp. No. 7 12 55 4 17 1,724 2 1 1 
12
6 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium sp. XT11 20 13 0 0 200 0 0 2 9 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium terregens 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microbacterium testaceum 
StLB037 1 2 10 96 1,629 6 0 1 
24
3 0 0 0 0 0 0 0 2 0 0 2 
Microcella alkaliphila 0 14 0 0 528 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Micrococcus endophyticus 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Micrococcus luteus 0 9 0 36 3,557 0 0 0 
11
2 1 0 0 0 1 0 2 0 0 0 0 
Microlunatus phosphovorus 
NM-1 0 44 4 0 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Micromonospora aurantiaca 
ATCC 27029 0 5 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Micromonospora sp. ATCC 
39149 1 0 0 0 621 2 4 0 
17
0 0 0 0 0 0 0 0 0 0 0 0 
Micromonospora sp. L5 0 12 0 0 44 0 0 8 3 0 0 0 21 0 0 0 0 0 0 0 
Micromonospora sp. SR15 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microterricola viridarii 4 20 0 11 2,182 0 38 2 24 0 0 0 0 0 0 0 0 0 0 0 
Mobiluncus curtisii ATCC 
43063 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Modestobacter marinus 0 29 0 2 144 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Moraxella bovoculi 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Morganella morganii subsp. 








Mycobacterium abscessus 3 0 0 0 512 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 
Mycobacterium abscessus 
subsp. bolletii 50594 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium abscessus 
subsp. bolletii CCUG 48898 
= JCM 15300 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium abscessus 
UC22 0 0 0 0 147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium avium 
subsp. paratuberculosis 0 1 4 18 0 0 0 38 1 0 0 0 3 0 0 0 0 0 0 0 
Mycobacterium chelonae 0 19 18 0 12 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium chubuense 
NBB4 3 10 0 0 289 0 0 1 
19
2 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium fallax 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium fortuitum 8 0 0 7 142 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium fortuitum 
subsp. fortuitum DSM 
46621 = ATCC 6841 0 0 0 8 2,130 0 0 0 2 13 0 0 0 0 0 0 0 0 0 0 
Mycobacterium gilvum 
PYR-GCK 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium gilvum 
Spyr1 1 0 0 0 336 0 18 0 3 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium goodii 1 17 0 0 501 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
haemophilum DSM 44634 0 6 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 
Mycobacterium 
intracellulare 1956 0 51 0 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
intracellulare ATCC 13950 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 
Mycobacterium kansasii 824 0 12 0 0 5 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 












Mycobacterium llatzerense 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium marinum 
E11 2 0 0 0 2 0 0 48 1 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium marinum M 0 0 0 0 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
mucogenicum 0 1 0 0 0 0 0 21 2 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium neoaurum 
ATCC 25795 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 
Mycobacterium neoaurum 
VKM Ac-1815D 1 9 0 0 292 0 0 20 20 0 0 0 
17
6 0 0 0 0 0 0 0 
Mycobacterium rhodesiae 
NBB3 1 1 0 7 0 1 0 0 44 0 0 0 0 0 0 1 0 0 0 0 
Mycobacterium sinense 0 8 0 0 313 0 0 1 5 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium smegmatis 0 0 0 56 96 0 0 3 
33
1 0 21 0 1 0 0 0 0 0 0 0 
Mycobacterium sp. EPa45 0 8 0 0 6 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium sp. JLS 2 3 0 0 337 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Mycobacterium sp. JS623 0 0 0 200 176 2 0 2 
32
9 15 0 0 0 0 0 0 0 0 0 0 
Mycobacterium sp. KMS 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium sp. VKM 
Ac-1817D 0 1 0 0 25 2 0 17 2 0 0 0 1 0 0 0 0 0 0 0 
Mycobacterium tuberculosis 0 14 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Mycobacterium vanbaalenii 
PYR-1 0 0 0 15 23 2 0 10 
11
9 0 0 0 0 0 0 0 0 0 0 0 
Mycobacterium yongonense 
05-1390 0 4 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 
Mycoplasma gallinaceum 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Myroides odoratimimus 0 0 0 0 0 0 444 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myroides profundi 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myroides sp. A21 0 2 0 0 0 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 








Myxococcus fulvus HW-1 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myxococcus xanthus DK 
1622 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nakamurella multipartita 
DSM 44233 0 13 0 0 334 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nakamurella panacisegetis 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neisseria lactamica 020-06 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Neorhizobium galegae bv. 
officinalis bv. officinalis str. 
HAMBI 1141 22 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neorhizobium galegae bv. 
orientalis str. HAMBI 540 11 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitrobacter hamburgensis 
X14 8 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Nitrobacter winogradskyi 
Nb-255 11 0 12 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitrosomonas europaea 
ATCC 19718 0 0 0 0 0 0 56 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nocardia asteroides NBRC 
15531 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 
Nocardia brasiliensis 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 
Nocardia brasiliensis ATCC 
700358 0 14 0 0 591 0 0 
49
5 6 0 0 0 0 0 0 0 0 0 0 0 
Nocardia cyriacigeorgica 
GUH-2 0 1 0 0 76 0 0 
32
5 3 0 0 0 10 0 0 0 0 0 0 0 
Nocardia farcinica 0 0 0 0 211 1 0 
37
4 69 0 0 0 0 0 0 0 0 0 0 0 
Nocardia farcinica IFM 
10152 3 0 0 3 0 0 0 58 1 0 0 17 0 0 0 0 0 0 0 0 
Nocardia ignorata 0 0 0 0 0 0 0 
10
1 0 0 0 0 0 0 0 0 0 0 0 0 
Nocardia nova SH22a 3 0 0 0 358 0 2 
21
5 2 0 0 0 0 0 0 0 0 0 0 0 








Nocardia sp. 3.2-VPr 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 
Nocardioides sp. JS614 0 92 6 1 530 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Nocardiopsis alba ATCC 
BAA-2165 0 7 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Nocardiopsis dassonvillei 
subsp. dassonvillei DSM 
43111 4 4 0 0 1 0 0 2 
27
7 0 0 3 0 0 0 0 0 0 0 0 
Novosphingobium 
aromaticivorans DSM 12444 35 0 5 0 0 0 0 2 7 0 0 0 0 0 0 0 0 0 0 0 
Novosphingobium 
pentaromativorans US6-1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oceanimonas sp. GK1 0 0 0 0 6 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochrobactrum anthropi 14 0 0 0 828 1 0 0 0 16 0 0 0 0 0 0 0 0 0 0 
Ochrobactrum anthropi 
ATCC 49188 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochrobactrum 
pseudogrignonense 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
Octadecabacter arcticus 238 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Odoribacter splanchnicus 
DSM 20712 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligotropha 
carboxidovorans OM4 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligotropha 
carboxidovorans OM5 30 1 0 0 6 2 0 0 0 0 0 32 0 0 0 0 0 1 0 0 
Opitutus terrae PB90-1 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ottowia sp. oral taxon 894 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paenarthrobacter aurescens 
TC1 0 0 0 0 57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paenibacillus borealis 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paenibacillus mucilaginosus 
K02 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 








Paenibacillus sp. FSL R7-
0331 0 0 0 0 0 2 0 0 8 0 0 0 0 0 0 0 0 0 0 0 
Paenibacillus sp. 
Y412MC10 0 1 52 1 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paenibacillus stellifer 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pandoraea apista 1 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pandoraea faecigallinarum 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pandoraea oxalativorans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Pandoraea pnomenusa 4 0 0 0 252 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pandoraea thiooxydans 0 0 0 0 0 0 6 0 1 0 0 0 0 0 0 0 0 0 0 0 
Pannonibacter phragmitetus 27 0 0 0 34 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantoea agglomerans 0 0 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantoea ananatis 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantoea ananatis PA13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 
Pantoea rwandensis 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 37 0 0 
Pantoea sp. At-9b 0 0 0 0 0 4 0 0 0 0 0 0 13 0 0 0 0 0 0 0 
Pantoea sp. PSNIH1 0 1 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantoea sp. PSNIH2 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantoea stewartii subsp. 
stewartii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Pantoea vagans C9-1 0 0 11 0 0 22 5 0 1 0 0 0 0 0 0 0 12 0 0 0 
Paraburkholderia 
phytofirmans PsJN 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 
Paracoccus aminophilus 
JCM 7686 1 1 0 0 0 1 16 0 34 0 0 0 0 0 0 0 0 0 0 0 
Paracoccus denitrificans 
PD1222 3 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
Parvularcula bermudensis 
HTCC2503 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paucibacter sp. KCTC 








Pectobacterium carotovorum 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pectobacterium carotovorum 
subsp. carotovorum PCC21 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pelagibacterium halotolerans 
B2 97 0 0 0 0 0 0 2 18 0 0 0 0 0 0 1 0 0 0 0 
Peptoclostridium difficile 5 2 0 1 15 1 0 4 1 0 0 0 0 0 3 0 6 0 0 0 
Peptoniphilus sp. S5-A17 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Persicobacter sp. JZB09 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 
Phenylobacterium zucineum 
HLK1 9 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 
Photobacterium gaetbulicola 
Gung47 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Photorhabdus asymbiotica 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 
Photorhabdus temperata 
subsp. thracensis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phycisphaera mikurensis 
NBRC 102666 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllobacterium 
myrsinacearum 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pimelobacter simplex 0 60 12 2 364 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 
Pirellula staleyi DSM 6068 0 0 0 0 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Planobispora rosea 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Planococcus kocurii 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Planococcus rifietoensis 0 0 0 0 11 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 
Plautia stali symbiont 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 46 0 0 0 
Pluralibacter gergoviae 5 0 0 0 2 9 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Polaribacter sp. MED152 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polaromonas sp. JS666 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polymorphum gilvum 









necessarius 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polynucleobacter 
necessarius subsp. 
asymbioticus 0 0 0 72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyromonas 
asaccharolytica DSM 20707 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pragia fontium 0 0 0 0 49 0 0 0 0 0 0 0 0 0 88 0 0 0 0 0 
Prevotella denticola F0289 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prevotella intermedia 0 0 0 3 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium 
acidipropionici 1 27 0 555 251 603 0 81 
77
2 0 0 0 0 0 0 7 0 0 0 0 
Propionibacterium 
acidipropionici ATCC 4875 0 0 1 10 171 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium acnes 13 59 42 0 10 12 0 12 5 11 5 0 0 0 1 2 51 16 0 5 
Propionibacterium acnes 
TypeIA2 P.acn17 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium avidum 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium avidum 
44067 0 8 6 0 13 0 0 1 54 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium 
freudenreichii subsp. 
freudenreichii 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacterium 
propionicum F0230a 0 12 0 0 3 1 0 0 16 0 0 0 0 0 0 2 0 0 0 0 
Proteus vulgaris 0 0 0 0 0 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 
Providencia rettgeri 0 0 0 0 0 0 191 0 0 0 0 0 0 0 0 0 0 0 0 0 
Providencia stuartii 0 0 0 0 0 0 2,143 0 0 0 0 0 0 0 0 0 0 44 0 0 
Providencia stuartii MRSN 
2154 0 0 0 0 0 0 78 0 0 0 1 0 0 0 0 0 0 0 0 0 
Pseudarthrobacter 









phenanthrenivorans Sphe3 0 6 0 5 710 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Pseudarthrobacter 
sulfonivorans 0 9 0 16 338 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Pseudoalteromonas 
issachenkonii 0 0 0 0 0 0 85 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudoalteromonas 
phenolica 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudoclavibacter 
chungangensis 0 0 0 0 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas aeruginosa 3 1 14 0 70 7 7 0 1 0 0 0 0 0 0 0 0 45 0 0 
Pseudomonas aeruginosa 
DHS01 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas aeruginosa 
PA7 1 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas agarici 0 1 17 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 
Pseudomonas alkylphenolia 0 11 0 0 0 3 0 0 1 0 0 0 0 0 0 0 0 6 0 0 
Pseudomonas balearica 
DSM 6083 31 0 0 0 0 3 0 0 13 7 0 0 0 0 0 1 0 0 0 0 
Pseudomonas 
brassicacearum 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas chlororaphis 0 2 14 0 0 6 0 0 0 1 0 0 0 0 1 0 0 6 0 0 
Pseudomonas chlororaphis 
subsp. aurantiaca 3 0 1 0 76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas cichorii JBC1 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 26 0 0 
Pseudomonas 
cremoricolorata 0 0 1 0 0 1 0 0 2 0 0 0 0 0 0 0 0 35 0 0 
Pseudomonas denitrificans 




7 0 0 0 8 1 0 0 0 0 0 0 5 0 0 0 382 0 0 
Pseudomonas fluorescens 0 3 0 0 0 12 0 3 0 0 0 0 0 0 0 0 0 14 0 0 
Pseudomonas fluorescens 









NCIMB 11764 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas fluorescens 
Pf0-1 0 18 8 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas fluorescens 
Pf29Arp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Pseudomonas fluorescens 
PICF7 0 0 31 0 0 0 0 0 1 39 0 0 0 0 0 0 0 0 0 0 
Pseudomonas fluorescens 
SBW25 0 0 0 0 5 1 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas fragi 0 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas fulva 12-X 0 1 16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas knackmussii 
B13 3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas mandelii JR-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Pseudomonas mendocina 
NK-01 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas mendocina 
S5.2 0 0 0 0 0 0 0 12 0 3 0 0 0 0 0 0 0 0 0 0 
Pseudomonas mendocina 
ymp 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 14 0 0 
Pseudomonas monteilii 0 0 0 0 184 7 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Pseudomonas monteilii 
SB3078 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas monteilii 
SB3101 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas mosselii SJ10 0 34 0 0 0 22 0 0 0 0 0 0 0 3 0 0 0 453 0 0 




1 0 0 0 1 0 12 0 0 0 0 0 0 0 0 0 0 0 




6 8 0 15 127 16 0 0 0 0 0 0 0 0 0 0 247 0 0 
Pseudomonas poae RE*1-1-









Cab57 0 0 7 0 0 1 0 0 0 0 0 0 0 0 0 0 0 23 0 0 
Pseudomonas protegens Pf-5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas 
pseudoalcaligenes 0 0 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas putida 0 56 15 0 0 34 0 0 0 0 0 0 0 0 0 0 0 28 0 0 
Pseudomonas putida BIRD-
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 
Pseudomonas putida DOT-
T1E 0 19 12 0 0 19 0 0 0 0 0 0 0 0 0 1 0 36 0 0 
Pseudomonas putida F1 0 17 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas putida GB-1 0 76 23 0 19 42 0 0 0 0 0 0 0 0 0 2 0 1 0 0 
Pseudomonas putida H8234 0 30 8 0 0 24 0 0 1 0 0 0 0 0 0 1 0 14 0 0 
Pseudomonas putida 
HB3267 0 72 37 0 0 49 0 0 0 0 0 0 0 0 0 0 0 25 0 0 
Pseudomonas putida 
KT2440 0 13 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas putida NBRC 
14164 0 87 2 0 0 23 0 0 0 0 1 0 0 0 0 0 0 20 0 0 
Pseudomonas putida ND6 0 20 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 14 0 0 
Pseudomonas putida S12 0 99 0 0 0 52 0 1 0 0 0 0 0 4 0 0 0 38 0 0 
Pseudomonas putida S13.1.2 0 
21
3 36 0 40 66 0 1 0 0 0 0 0 0 0 0 0 113 0 0 
Pseudomonas putida S16 0 32 2 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas putida W619 0 35 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 16 0 0 
Pseudomonas resinovorans 
NBRC 106553 0 0 0 0 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas rhizosphaerae 3 17 0 0 9 2 0 0 0 0 0 0 0 0 0 5 0 0 0 0 
Pseudomonas savastanoi pv. 
phaseolicola 1448A 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. 12M76_air 0 0 0 0 0 9 145 0 0 17 0 0 0 0 0 0 0 0 0 0 








Pseudomonas sp. FGI182 0 33 17 0 6 74 0 0 0 10 0 0 0 0 1 0 0 146 0 0 
Pseudomonas sp. 
MRSN12121 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. Os17 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. St29 0 33 0 0 26 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. StFLB209 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. TKP 0 1 8 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. 
URMO17WK12:I11 0 61 30 0 53 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. UW4 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas sp. VLB120 0 7 0 0 2 16 0 0 0 0 0 0 0 0 0 0 0 26 0 0 
Pseudomonas sp. WCS374 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas stutzeri 0 0 0 0 0 7 1 1 0 0 0 0 0 0 0 0 0 29 0 0 
Pseudomonas stutzeri ATCC 
17588 = LMG 11199 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas stutzeri 
CCUG 29243 0 0 16 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas stutzeri DSM 
10701 0 0 0 0 1 6 2 0 0 33 0 0 0 0 0 0 0 0 0 0 
Pseudomonas stutzeri DSM 
4166 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Pseudomonas stutzeri RCH2 0 0 0 0 11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas syringae 
CC1557 0 0 0 0 0 2 23 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas syringae pv. 
lapsa 4 5 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas syringae pv. 
syringae HS191 1 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonas syringae 
UMAF0158 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocardia 
dioxanivorans CB1190 0 86 4 0 10 0 0 2 
23









AL041005-10 0 76 4 188 17 0 0 7 
50
8 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocardia sp. 
EC070717-08 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocardia sp. 
EC080529-21 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocardia sp. 




7 1 28 165 2 0 38 
28
6 0 0 0 0 0 0 0 0 0 0 1 
Pseudonocardia sp. 
HH130629-09 0 45 2 0 1 0 0 1 3 2 0 0 0 0 0 0 0 0 0 0 
Pseudoxanthomonas spadix 
BD-a59 0 0 0 0 8 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudoxanthomonas 
suwonensis 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudoxanthomonas 
suwonensis 11-1 0 0 0 0 10 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psychrobacter sp. G 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pusillimonas sp. T7-7 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rahnella aquatilis CIP 78.65 
= ATCC 33071 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Rahnella aquatilis HX2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ralstonia eutropha H16 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ralstonia eutropha JMP134 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ralstonia mannitolilytica 6 2 4 0 0 0 10 0 0 0 0 0 0 0 0 0 0 23 0 0 
Ralstonia pickettii 12D 2 14 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 89 0 0 
Ralstonia pickettii 12J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 
Ralstonia pickettii DTP0602 9 3 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
Ralstonia solanacearum 16 3 4 4 37 2 0 7 1 15 4 1 2 2 16 0 7 14 0 9 
Ralstonia solanacearum 









CMR15 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ralstonia solanacearum 
Po82 0 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ralstonia syzygii R24 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ramlibacter tataouinensis 
TTB310 0 0 0 0 4 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 
Raoultella ornithinolytica 0 9 0 0 0 16 3 0 1 0 0 0 0 0 0 0 0 59 0 0 
Renibacterium 
salmoninarum ATCC 33209 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium etli bv. mimosae 
str. IE4771 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium etli bv. mimosae 
str. Mim1 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium etli bv. phaseoli 
str. IE4803 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium etli CFN 42 4 0 0 0 0 0 0 1 
14
9 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium etli CIAT 652 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium gallicum bv. 
gallicum R602 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium leguminosarum 
bv. trifolii CB782 16 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium leguminosarum 
bv. trifolii WSM1325 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium leguminosarum 
bv. trifolii WSM1689 13 0 10 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Rhizobium leguminosarum 
bv. trifolii WSM2304 18 0 0 1 20 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium leguminosarum 
bv. viciae 3841 6 4 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium mayense 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium sp. ip2.24 0 0 0 0 0 0 54 0 0 0 0 0 0 0 0 0 0 0 0 0 








Rhizobium sp. LPU83 0 0 0 0 1 1 176 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium sp. NT-26 0 0 0 0 11 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium sp. Q54 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium sp. 
ZQM153_190 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhizobium tropici CIAT 899 66 0 0 0 0 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 
Rhodanobacter denitrificans 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodobacter capsulatus SB 
1003 7 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 
Rhodobacter sphaeroides 
2.4.1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodobacter sphaeroides 
ATCC 17025 6 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodobacter sphaeroides 
KD131 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus aetherivorans 0 0 0 0 67 0 0 61 45 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus equi 103S 0 68 0 7 588 0 0 53 13 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus erythropolis 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus erythropolis 
CCM2595 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus erythropolis 
R138 0 0 0 0 10 0 0 48 5 0 0 0 0 0 0 1 0 0 0 0 
Rhodococcus jostii RHA1 0 3 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus opacus 0 4 0 0 6 1 0 30 1 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus opacus B4 0 18 0 70 423 7 6 0 63 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus opacus PD630 1 9 0 0 49 0 0 25 61 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus pyridinivorans 
SB3094 0 1 0 0 130 0 0 62 
30
4 0 0 0 0 0 0 0 0 0 0 0 
Rhodococcus rhodochrous 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









T118 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodoluna lacicola 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
boonkerdii 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
palustris BisA53 40 28 0 17 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
palustris BisB18 50 0 0 0 0 2 1 0 0 0 0 0 0 0 1 0 0 0 0 7 
Rhodopseudomonas 
palustris BisB5 45 0 0 0 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
palustris CGA009 3 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
palustris DX-1 33 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodopseudomonas 
palustris HaA2 21 0 0 0 10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Rhodopseudomonas 
palustris TIE-1 28 0 0 0 22 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Rhodospirillum rubrum F11 16 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhodovulum sulfidophilum 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Roseateles depolymerans 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Roseibacterium elongatum 
DSM 19469 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rothia dentocariosa ATCC 
17931 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 8 
Rothia mucilaginosa 0 0 0 0 29 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 
Rothia mucilaginosa DY-18 0 0 0 12 1 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 
Rubrivivax gelatinosus 
IL144 0 0 0 0 16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rubrobacter radiotolerans 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Rubrobacter xylanophilus 








Ruegeria sp. TM1040 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Saccharomonospora viridis 
DSM 43017 0 38 4 0 141 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 
Saccharopolyspora erythraea 
NRRL 2338 0 
10
1 22 0 119 0 0 7 1 0 0 25 0 0 0 1 0 0 0 0 
Saccharopolyspora 
rectivirgula 0 1 0 0 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Saccharothrix espanaensis 
DSM 44229 0 7 0 1 10 0 1 40 14 0 0 0 0 0 0 0 0 0 0 0 
Salinibacter ruber M8 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salinicoccus halodurans 0 0 0 0 5 0 3 0 13 0 0 0 0 0 0 3 0 0 0 0 
Salinispora tropica CNB-
440 0 3 0 0 0 1 0 74 2 0 0 0 0 0 0 0 0 0 0 0 
Salmonella bongori N268-
08 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salmonella bongori serovar 
48:z41:-- str. RKS3044 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salmonella enterica subsp. 
enterica serovar Anatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 
Salmonella enterica subsp. 
enterica serovar Cubana str. 
CFSAN002050 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Salmonella enterica subsp. 
enterica serovar Enteritidis 
str. SA20094642 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 1 0 0 
Salmonella enterica subsp. 
enterica serovar Heidelberg 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salmonella enterica subsp. 
enterica serovar Sloterdijk 
str. ATCC 15791 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salmonella enterica subsp. 
enterica serovar Typhi 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 29 0 0 
Salmonella enterica subsp. 








Sandaracinus amylolyticus 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sanguibacter keddieii DSM 
10542 0 15 0 0 555 0 0 1 44 0 0 0 0 0 0 0 0 0 0 0 
Scardovia inopinata JCM 
12537 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
secondary endosymbiont of 
Heteropsylla cubana 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sedimenticola sp. SIP-G1 0 0 0 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Segniliparus rotundus DSM 
44985 0 0 0 38 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Serratia fonticola 0 0 0 0 0 1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
Serratia liquefaciens 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Serratia liquefaciens ATCC 
27592 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Serratia marcescens 1 11 0 0 348 1 0 0 0 0 0 0 0 0 0 0 0 83 0 0 
Serratia marcescens SM39 0 0 0 0 47 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 
Serratia marcescens subsp. 
marcescens Db11 0 0 0 0 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Serratia plymuthica 0 37 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Serratia sp. FS14 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Serratia sp. SCBI 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Shewanella baltica OS223 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Shimwellia blattae DSM 
4481 = NBRC 105725 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sinorhizobium fredii HH103 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sinorhizobium fredii 
NGR234 17 1 0 0 2 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 
Sinorhizobium fredii USDA 
257 25 0 0 0 0 0 0 5 2 0 0 0 0 0 0 3 0 0 0 0 
Sinorhizobium meliloti 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








Sinorhizobium saheli 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sodalis praecaptivus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Solibacillus silvestris 
StLB046 0 0 0 0 0 38 54 0 2 0 0 0 0 0 0 0 0 0 0 0 
Sorangium cellulosum So 
ce56 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sorangium cellulosum 
So0157-2 0 0 0 0 0 0 0 1 0 48 0 0 0 0 0 0 0 0 0 0 
Sphaerobacter thermophilus 
DSM 20745 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Sphingobium baderi 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Sphingobium 
chlorophenolicum L-1 9 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 
Sphingobium japonicum 
UT26S 94 0 0 0 0 0 0 3 23 0 0 0 0 0 0 1 0 0 0 0 
Sphingobium sp. SYK-6 12 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingobium sp. YBL2 7 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas 
hengshuiensis 19 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas 
sanxanigenens DSM 19645 
= NX02 46 0 0 0 0 3 0 1 2 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. 037 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. KA1 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. MM-1 7 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. Ndbn-20 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. NS2 23 0 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas sp. P2 22 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas taxi 61 10 4 2 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingomonas wittichii 









RB2256 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingopyxis fribergensis 9 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingopyxis 
macrogoltabida 19 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingopyxis sp. 113P3 9 0 0 0 4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Spirochaeta thermophila 
DSM 6192 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spirochaeta thermophila 
DSM 6578 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stackebrandtia nassauensis 
DSM 44728 0 1 0 10 7 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Staphylococcus agnetis 
6,13
7 0 0 0 9 1 0 0 0 0 0 0 0 17 0 0 0 0 0 0 
Staphylococcus argenteus 0 0 2 0 13 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus arlettae 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus aureus 0 0 0 5 72 0 0 0 66 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus aureus 
subsp. aureus 0 0 0 0 8 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 
Staphylococcus capitis 
CR01 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Staphylococcus carnosus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus carnosus 
subsp. carnosus TM300 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Staphylococcus epidermidis 0 0 0 0 23 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus equorum 0 0 0 11 128 0 0 0 4 0 0 0 0 4 0 0 0 0 0 0 
Staphylococcus 
haemolyticus 0 0 0 0 1 0 0 0 0 0 0 0 0 
1,75
8 0 0 0 0 0 0 
Staphylococcus 
haemolyticus JCSC1435 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 
Staphylococcus lugdunensis 
N920143 0 0 0 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









piscifermentans 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus 
pseudintermedius ED99 0 0 0 0 13 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus 
saprophyticus subsp. 
saprophyticus ATCC 15305 0 0 2 11 
12,49
1 0 0 0 2 0 0 0 0 0 0 3 0 0 0 0 
Staphylococcus schleiferi 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 
Staphylococcus sciuri subsp. 
carnaticus GVGS2 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus sciuri subsp. 
sciuri 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus sp. ECH7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Staphylococcus warneri SG1 0 0 0 0 92 0 3 0 20 0 0 0 0 1 0 0 0 0 0 0 
Staphylococcus xylosus 3 35 13 
3,11
4 1,039 0 0 13 
94
2 0 0 29 1 
1,68
3 0 0 1 94 0 0 
Starkeya novella DSM 506 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Stenotrophomonas 
acidaminiphila 0 0 0 0 3 3 310 0 1 0 0 0 0 0 0 0 0 0 0 0 
Stenotrophomonas 
maltophilia 0 18 20 4 1,449 25 19 20 11 0 0 0 0 0 0 0 0 51 0 0 
Stenotrophomonas 
maltophilia D457 0 0 0 0 391 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Stenotrophomonas 
maltophilia JV3 0 0 0 0 208 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenotrophomonas 
maltophilia K279a 0 7 1 3 38 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 
Stenotrophomonas 
maltophilia R551-3 0 0 11 0 212 1 0 0 0 0 0 0 0 0 0 0 23 0 0 0 
Stenotrophomonas 
rhizophila 0 0 1 0 15 3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 
Stigmatella aurantiaca 
DW4/3-1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 









FW213 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Streptococcus pneumoniae 7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Streptococcus 
pseudopneumoniae IS7493 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Streptococcus salivarius 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
26
7 0 0 0 0 0 
Streptococcus suis 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptococcus suis TL13 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces albofaciens 
JCM 4342 0 0 0 0 128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces albulus ZPM 0 0 0 3 128 2 4 1 98 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces albus 0 0 0 0 178 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces albus J1074 0 15 0 0 15 0 0 0 4 0 0 0 0 0 0 2 0 0 0 0 
Streptomyces ambofaciens 
ATCC 23877 0 10 0 105 12 0 0 4 
17
1 9 0 0 0 0 0 1 0 0 0 0 
Streptomyces avermitilis 
MA-4680 = NBRC 14893 0 38 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces 
bingchenggensis BCW-1 0 0 0 0 760 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces cattleya 
NRRL 8057 = DSM 46488 0 12 0 1 401 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces cinnamonensis 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces collinus Tu 
365 0 4 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces cyaneogriseus 
subsp. noncyanogenus 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces davawensis 
JCM 4913 0 0 0 0 27 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces fulvissimus 
DSM 40593 0 1 0 0 228 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 








Streptomyces globisporus 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces globisporus C-
1027 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces griseus subsp. 
griseus NBRC 13350 0 0 0 0 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces hygroscopicus 
subsp. jinggangensis TL01 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces hygroscopicus 
subsp. limoneus 0 0 0 0 310 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Streptomyces incarnatus 0 7 0 0 93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces iranensis 0 0 0 0 7 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces leeuwenhoekii 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces lividans TK24 0 36 0 0 45 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces lydicus A02 0 11 0 0 461 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 
Streptomyces nodosus 0 0 0 0 107 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces olivaceus 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
Streptomyces platensis 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces 
pristinaespiralis 0 14 0 0 54 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces ramulosus 0 0 0 0 0 0 0 0 
24
6 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces rapamycinicus 
NRRL 5491 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces reticuli 0 0 0 0 61 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 
Streptomyces sampsonii 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces scabiei 87.22 0 1 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. 4F 0 25 0 0 5 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. 769 0 3 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. 
CCM_MD2014 0 0 0 0 385 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 








Streptomyces sp. CFMR 7 0 0 5 0 144 0 1 0 5 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. CNQ-509 0 0 0 29 240 0 0 0 94 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. F8 0 0 0 0 142 2 0 0 
13
7 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. HFI6 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. Mg1 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. PAMC 
26508 0 0 0 21 51 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Streptomyces sp. PBH53 0 11 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. SirexAA-E 0 2 0 0 29 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. W75.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces sp. WT3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces tubercidicus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces venezuelae 0 24 0 0 159 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces venezuelae 
ATCC 10712 0 9 0 0 32 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces vietnamensis 0 0 0 0 8 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Streptomyces violaceusniger 
Tu 4113 0 1 0 58 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Streptomyces xiamenensis 0 4 0 0 46 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 
Streptosporangium roseum 
DSM 43021 0 49 0 0 10 0 0 2 33 0 0 0 0 0 0 0 0 0 0 0 
Sulfuricella denitrificans 
skB26 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sulfuricurvum kujiense 
DSM 16994 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Sulfuritalea hydrogenivorans 
sk43H 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Synechococcus sp. KORDI-
52 0 0 0 0 0 0 0 0 41 0 0 0 0 0 0 0 0 0 0 0 








Terribacillus aidingensis 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermaerobacter 
marianensis DSM 12885 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermobifida fusca YX 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermobispora bispora 
DSM 43833 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermomicrobium roseum 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermomonospora 
chromogena 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Thermomonospora curvata 
DSM 43183 0 34 0 0 458 0 0 0 48 0 0 0 0 0 0 0 0 0 0 0 
Thermotoga maritima 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermus aquaticus 
Y51MC23 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thioalkalivibrio 
sulfidiphilus HL-EbGr7 0 7 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thiocystis violascens DSM 
198 4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Thiomonas intermedia K12 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thiomonas sp. CB2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tistrella mobilis KA081020-
065 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trueperella pyogenes 0 0 0 0 0 2 0 0 
17
4 0 0 0 0 0 0 0 0 0 0 0 
Trueperella pyogenes TP8 0 0 0 0 138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tsukamurella 
paurometabola DSM 20162 0 0 0 38 1,280 0 0 5 
16
9 0 0 0 0 0 0 0 0 0 0 0 
Turneriella parva DSM 
21527 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured actinobacterium 
Rifle_16ft_4_minimus_3882
6 0 0 0 0 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 52 25 3 2 192 2 2 3 
16
4 16 0 1 0 23 
14








uncultured bacterium 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
uncultured bacterium 
contig00003 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
contig00055 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
contig00101 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
contig00117 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
contig00148 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
Contigcl_10-cl 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
ctg7180000000732 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
ctg7180000000767 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
ctg7180000000841 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium 
GRIST22 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured bacterium pJM6 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured Bacteroidetes 
bacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
uncultured beta 
proteobacterium 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured Brachybacterium 
sp. 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured Citrobacter sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured Firmicutes 
bacterium 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured Flavobacteriia 
bacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 








uncultured Sanguibacter sp. 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
uncultured SAR11 cluster 
alpha proteobacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 38 0 0 0 0 0 0 
Vagococcus sp. T4130 0 0 0 0 0 0 133 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variibacter gotjawalensis 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variovorax paradoxus B4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Variovorax paradoxus EPS 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variovorax paradoxus S110 7 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
16
9 0 
Veillonella parvula DSM 
2008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
Verminephrobacter eiseniae 
EF01-2 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 
Verrucosispora maris AB-
18-032 0 53 0 0 2 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Vibrio fischeri MJ11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Virgibacillus sp. SK37 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vulgatibacter incomptus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Winogradskyella sp. PG-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
Wolbachia endosymbiont of 
Culex quinquefasciatus Pel 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wolbachia endosymbiont of 
Drosophila simulans wNo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Wolbachia endosymbiont 
strain TRS of Brugia malayi 0 0 0 257 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthobacter autotrophicus 
Py2 9 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas arboricola pv. 
juglandis 0 0 0 0 2 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas axonopodis 
pv. citrumelo F1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas campestris pv. 








Xanthomonas citri pv. citri 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas oryzae pv. 
oryzae 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas sacchari 0 0 21 27 25 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthomonas translucens 
pv. undulosa 0 0 0 0 12 0 33 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xenorhabdus bovienii 0 0 0 0 0 0 343 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xenorhabdus poinarii G6 0 0 0 0 0 0 71 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xylanimonas cellulosilytica 
DSM 15894 0 4 0 1 117 2 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
 
Supplementary table 3. Blood meal BLAST descriptive statistics 
Pub ID Lab ID Type Top hit filtered85 




% top hit of 
unmapped 
reads 
JUCA-01 A1215Ab abdomen Canis lupus familiaris 45,689 1.37E-07 5.643 
PTN-02 A9253 Abdomen Homo sapiens 21,912 4.60E-15 1.798 
JUBR-01 C1504 Abdomen Gallus gallus 40,957 9.44E-09 3.906 
JUCH-05 CHJ506Ab abdomen Anas platyrhynchos 1,152,577 5.91E-10 6.112 
CHCE-01 TP838 Abdomen Homo sapiens 905 1.11E-36 0.809 
PTN-01 A9252 Abdomen Homo sapiens 284 8.34E-30 0.022 
UnID Abdomen5 Abdomen Homo sapiens 181 1.54E-33 0.021 
BLZ-01 B46 Abdomen Homo sapiens 791 9.30E-26 0.025 
NIC-01 BS230Ab Abdomen Homo sapiens 216 7.62E-26 0.016 
JUCA-02 CHJ462Ab abdomen Homo sapiens 76 2.93E-37 0.007 
JUCH-04 CHJ52Ab abdomen Homo sapiens 163 5.13E-29 0.017 








QUI-01 A5201 Abdomen Homo sapiens 516 1.36E-35 0.018 
JUCH-02 CHJ14 Abdomen Homo sapiens 98 1.76E-37 0.014 
JUCH-03 CHJ21 Abdomen Homo sapiens 177 2.35E-31 0.057 
JUCH-01 CHJ3 Abdomen Homo sapiens 71 1.39E-37 0.009 
SABE-01 S134 Abdomen Danio rerio 1,172 1.86E-20 0.124 
CHGU-01 TP194 Abdomen Homo sapiens 622 1.64E-22 0.014 
CHCE-02 TP900 Abdomen Homo sapiens 937 9.00E-26 0.063 
CHPR-02 TP937 Abdomen Homo sapiens 690 1.91E-25 0.031 
JUCA-03 CHJ462Leg leg Anas platyrhynchos 3,453 4.65E-09 0.132 
SACH-01 Codigo-0074 Leg Columba livia 3,867 6.82E-21 0.138 
SACH-02 Codigo-0124 Leg Homo sapiens 3,400 1.26E-19 0.295 
SACH-03 Codigo-0188 Leg Homo sapiens 188 9.44E-38 0.010 
SAJU-01 Codigo-0225 Leg Gallus gallus 5,829 1.67E-10 0.064 
SAJU-02 Codigo-0275 Leg Homo sapiens 706 5.48E-34 0.089 
SASA-02 S431Leg leg Pantholops hodgsonii 151 4.09E-19 0.006 
CHCE-03 TP901 Leg Homo sapiens 417 8.11E-30 0.014 
CHAM-01 TP903 Leg Homo sapiens 1,238 9.64E-21 0.166 
CHAM-02 TP904 Leg Homo sapiens 610 1.07E-16 0.031 
CHPR-01 TP930 Leg Homo sapiens 717 2.00E-29 0.062 
CHPR-03 TP939 Leg Homo sapiens 755 1.02E-21 0.038 
 
Supplementary table 3. T. cruzi DTU descriptive statistics  





% of total 







BLZ-01 B46 abdomen 4,521,499 138,011 3.05233 4,471 2,220 53 1 1 2,877 








SASA-01 S210Ab abdomen 2,020,951 1,088,596 53.86553 24,437 5,153 182 1 0 4,557 
CHCE-02 TP-900 abdomen 1,287,901 22 0.00171 0 0 0 0 0 0 
CHCE-01 TP838 abdomen 18,878,597 0 0.00000 0 0 0 0 0 0 
CHGU-01 TP194 abdomen 2,482,957 0 0.00000 0 0 0 0 0 0 
CHPR-02 TP-937 abdomen 3,520,182 0 0.00000 0 0 0 0 0 0 
JUCA-02 CHJ462Ab abdomen 4,458,619 8,610 0.19311 2,106 1,749 5 1 0 1,734 
JUCH-05 CHJ506Ab abdomen 4,001,295 6 0.00015 0 0 0 0 0 0 
JUCH-01 CHJ3 abdomen 1,246,028 0 0.00000 0 0 0 0 0 0 
JUCH-02 CHJ14 abdomen 2,887,852 0 0.00000 0 0 0 0 0 0 
JUCH-03 CHJ21 abdomen 9,761,805 0 0.00000 0 0 0 0 0 0 
JUBR-01 C1504 abdomen 489,656 93 0.00000 0 0 0 0 0 0 
JUCA-01 A1215Ab abdomen 1,972,889 56,959 2.88709 13,337 3,360 13 1 1 5,323 
JUCH-04 CHJ52Ab abdomen 1,362,293 22,406 1.64473 8,000 2,825 7 1 0 4,492 
UnID Abdomen5 abdomen 1,091,658 2,237 0.20492 318 274 8 1 1 275 
PTN-01 A9252 abdomen 2,097,515 3,406 0.16238 422 378 9 1 1 355 
PTN-02 A9253 abdomen 1,491,160 2,431 0.16303 326 289 8 1 1 313 
QUI-01 A5201 abdomen 1,225,281 0 0.00000 0 0 0 0 0 0 
NIC-01 BS023Ab abdomen 1,845,188 36,293 1.96690 3,974 2,625 12 1 1 2,553 
SACH-01 Codigo-0074 leg 5,483,073 7 0.00013 0 0 0 0 0 0 
SACH-02 Codigo-0124 leg 1,877,134 0 0.00000 0 0 0 0 0 0 
SACH-03 Codigo-0188 leg 3,559,492 0 0.00000 0 0 0 0 0 0 
SASA-02 S431Leg leg 3,477,235 2 0.00006 0 0 0 0 0 0 
SAJU-02 Codigo-0275 leg 4,458,021 1 0.00002 0 0 0 0 0 0 
SAJU-01 Codigo-0225 leg 2,410,052 0 0.00000 0 0 0 0 0 0 
CHAM-01 TP-903 leg 214,349 0 0.00000 0 0 0 0 0 0 
CHAM-02 TP-904 leg 1,910,713 0 0.00000 0 0 0 0 0 0 
CHCE-03 TP901 leg 4,687,871 0 0.00000 0 0 0 0 0 0 
CHPR-01 TP-930 leg 1,200,726 0 0.00000 0 0 0 0 0 0 
CHPR-03 TP-939 leg 3,299,922 0 0.00000 0 0 0 0 0 0 
JUCA-03 CHJ462Leg leg 1,068,013 7 0.00066 0 0 0 0 0 0 
TcI - ADWP NA genome NA NA NA NA 2,493 NA NA NA 2,207 
TcI - AODP NA genome NA NA NA NA 2,683 NA NA NA 2,414 
TcII - ANOX NA genome NA NA NA NA 2,643 NA NA NA 1,793 
TcVI - AAHK NA genome NA NA NA NA 6,197 NA NA NA 3,241 
TcVI - AQHO NA genome NA NA NA NA 5,393 NA NA NA 2,965 
Tcmarinkellei - 























TP-194 El Guayabo Guatemala 4458021 124 2410 966 0 4.4 45 0.2 0 
CHJ506Ab El Chaperno, Jutiapa Guatemala 18878597 21454 4317 3331 169 6.2 8902 34.6 6 
Codigo-0124 Chilcuyo El Salvador 1246028 92087 17479 4968 230 26.5 11234 43.7 0 
TP-838 El Cerrón Guatemala 214349 102436 10991 4729 83 99.3 2778 10.8 0 
S134 
La Benedicion, Santa 
Ana El Salvador 1068013 126008 18898 4967 319 32.9 11469 44.6 17 
CHJ21 Chaperno Guatemala 489656 178656 7022 3979 387 41.5 13163 51.2 0 
CHJ14 Chaperno Guatemala 1091658 394269 10073 4516 657 78.2 14816 57.6 0 
TP-900 El Cerrón Guatemala 1910713 419904 26481 5126 783 78.4 16077 62.5 22 
TP-939 La Prensa Guatemala 2410052 425211 133089 5532 701 77.6 18187 70.7 0 
Codigo-0275 El Jute El Salvador 1225281 429504 5964 3584 546 82.8 16863 65.6 1 
C1504 La Brea Guatemala 1491160 442558 11080 4705 845 82.5 16316 63.5 93 
TP-903 Amatillo Guatemala 1200726 455192 20555 5140 725 81.7 18324 71.3 0 
CHJ3 Chaperno Guatemala 1287901 457605 10696 4638 721 88.1 15977 62.1 0 
Abdomen5 unknown  Guatemala 1362293 518059 12730 5000 822 91.4 18160 70.6 2237 
CHJ462Ab El Carrizal, Jutiapa Guatemala 1566519 521945 13883 4743 700 98.1 16030 62.3 8610 
A9253 
San Luis, Chapayal, 
Peten Guatemala 1845188 624345 12502 4410 883 122.0 14814 57.6 2431 
Codigo-0225 El Jute El Salvador 9761805 629361 10763 4735 775 110.6 18533 72.1 0 
A1215Ab 
El Carrizal, 
Yupiltepeque Guatemala 2020951 641740 81188 5173 2911 87.7 17733 69.0 56959 
A9252 
San Luis, Chapayal, 
Peten Guatemala 1972889 693372 13576 4464 1007 131.7 15465 60.2 3406 
BS230Ab Madriz Nicaragua 2097515 706793 16588 4608 952 131.6 15716 61.1 36293 








Codigo-0074 Chilcuyo El Salvador 3520182 725805 5003 3299 706 134.1 17397 67.7 7 
S210Ab Santa Ana, Santa Ana El Salvador 5483073 783136 23487 4963 959 135.5 16310 63.4 1088596 
CHJ52Ab El Chaperno, Jutiapa Guatemala 2482957 923671 13592 4830 4606 106.2 19798 77.0 22406 
Codigo-0188 Chilcuyo El Salvador 2887852 1010485 13046 5044 804 180.5 18087 70.4 0 
S431Leg Santa Ana, Santa Ana El Salvador 3477235 1105512 31 28 831 194.9 18659 72.6 2 
B46 Toledo Belize 4458619 1135754 18818 4613 1140 206.4 15647 60.9 138011 
TP-904 Amatillo Guatemala 3299922 1304761 13988 5003 969 217.8 19076 74.2 0 
TP-937 La Prensa Guatemala 3559492 1340227 11047 4922 881 245.0 16371 63.7 0 
CHJ462Leg El Carrizal, Jutiapa Guatemala 4001295 1378131 27784 5509 786 222.8 20891 81.3 7 
A5201 Quiche Guatemala 4521499 1598121 22987 4702 816 297.5 16352 63.6 0 
TP-901 El Cerron Guatemala 4687871 1710157 11393 4987 1013 285.9 18999 73.9 0 
Total 
  
101856446 21608679 621696 141958 28506 3906 497071 1933 1359104 
Average 
  
3,088,236 610,013 19,577 4,409 889 111 15,391 60 45,303 
STDEV 
  
3454573.9 381390.8 25187.7 1176.9 843.8 61.4 4539.0 17.7 195591.1 
Median 
  
1996920 573145 13311 4739 781 99 16313 63 4 
STERROR 
  
604375.9 80410.8 4389.1 205.6 146.8 13.3 797.8 3.1 34070.7 
 
Supplementary table 6. Individual F-statistics  





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 0 0 0 0 0 0 0 
 
Supplementary table 7b. El Carrizal Metadata 
  NA= No data found, no data available, missing data 
House_No House ID given by the Ministry of Health 








Long House longitude, Datum WGS 84, Garmin Etrex 20 
CAR1 -Basal survey, Fieldwork No. 1 in Carrizal, Jutiapa, Guatemala in 2012  
HsNo_FldSsn House number (House_No) + field season ID (e.g. D-124_CAR1) 
Date_CAR1 First day of field work (month/day/year) 
TRT_CAR1 Environmental treatment surveyed 
M_CAR1 Number of Males found in house 
F_CAR1 Number of Females found in house 
Ny_CAR1  Number of Nymphs found in house 
TdAll_CAR1 Total number of Triatoma dimidiata found in the house 
SqM_CAR1 Number of GBS sequenced male 
SqF_CAR1 Number of GBS sequenced female 
SqNy_CAR1  Number of GBS sequenced nymph 
SqAll_CAR1 Total number of sequenced T. dimidiata 
CAR2 - Six months after last postivie house was sprayed, Fieldwork No. 2 in 
Carrizal, Jutiapa, Guatemala in 2014.  
HsNo_FldSsn House number (House_No) + field season ID 
Date_CAR2 First day of field work (month/day/year) 
TRT_CAR2 Environmental treatment surveyed 
M_CAR2 Number of Males found in house 
F_CAR2 Number of Females found in house 
Ny_CAR2  Number of Nymphs found in house 
TdAll_CAR2 Total number of Triatoma dimidiata found in the house 
SqM_CAR2 Number of GBS sequenced male 








SqNy_CAR2  Number of GBS sequenced nymph 
SqAll_CAR2 Total number of sequenced T. dimidiata 
CAR3 - One year and a half after spray, Fieldwork No. 3 in Carrizal, Jutiapa, 
Guatemala in 2015.  
HsNo_FldSsn House number (House_No) + field season ID 
Date_CAR3 First day of field work  (month/day/year) 
TRT_CAR3 Environmental treatment surveyed 
M_CAR3 Number of Males found in house 
F_CAR3 Number of Females found in house 
Ny_CAR3  Number of Nymphs found in house 
TdAll_CAR3 Total number of Triatoma dimidiata found in the house 
SqM_CAR3 Number of GBS sequenced male 
SqF_CAR3 Number of GBS sequenced female 
SqNy_CAR3  Number of GBS sequenced nymph 










Supplementary table 8a. EL Chaperno survey data 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































n 0 0 0 0 0 0 0 0 
 








  NA= No data found, no data available, missing data 
House_No House ID given by the Ministry of Health 
Lat House latitude, Datum WGS 84, Garmin Etrex 20 
Long House longitude, Datum WGS 84, Garmin Etrex 20 
CHA1 - End of rainy season, Fieldwork No. 1 in Chaperno, Jutiapa, Guatemala in 2012  
HsNo_FldSsn House number (House_No) + field season ID (e.g. D-124_CHA1) 
Date_CHA1 First day of field work (month/day/year) 
TRT_CHA1 Environmental treatment surveyed 
M_CHA1 Number of Males found in house 
F_CHA1 Number of Females found in house 
Ny_CHA1  Number of Nymphs found in house 
TdAll_CHA1 Total number of Triatoma dimidiata found in the house 
SqM_CHA1 Number of GBS sequenced male 
SqF_CHA1 Number of GBS sequenced female 
SqNy_CHA1  Number of GBS sequenced nymph 
SqAll_CHA1 Total number of sequenced T. dimidiata 
CHA2 - Beginning of rainy season, Fieldwork No. 2 in Chaperno, Jutiapa, Guatemala in 2013.  
HsNo_FldSsn House number (House_No) + field season ID 
Date_CHA2 First day of field work (month/day/year) 
TRT_CHA2 Environmental treatment surveyed 
M_CHA2 Number of Males found in house 
F_CHA2 Number of Females found in house 
Ny_CHA2  Number of Nymphs found in house 








SqM_CHA2 Number of GBS sequenced male 
SqF_CHA2 Number of GBS sequenced female 
SqNy_CHA2  Number of GBS sequenced nymph 
SqAll_CHA2 Total number of sequenced T. dimidiata 
 
